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PATENT 

IN THE UNITED STATES PATENT A ND TRADEMARK OFFICE 

In re Application of: 

Robert HALEY et al. Group Art Unit: 1 635 

Serial No.: 10/039,171 Examiner: B. Whiteman 

Filed: January 3, 2002 Atty. Dkt. No.: UTSD:749US 

For: COMPOSITIONS AND METHODS FOR Confirmation No.: 7156 
THE DIAGNOSIS AND TREATMENT OF 
ORGANOPHOSPHATE TOXICITY 

APPEAL BRIEF 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-01450 
Dear Sir: 

This Appeal Brief is filed in response to the final Office Action mailed on October 26, 
2007, and the Advisory Action mailed on February 12, 2008. Appellant's brief is due on April 
28, 2008, by virtue of the Notice of Appeal filed on January 28, 2008, and the accompanying 
Petition for Extension of Time (two months) and payment of fees. Also included herewith is the 
fee for the brief. No other fees are believed due in connection with this filing; however, should 
appellants' payment be missing or deficient, or should any fees be due, the Commissioner is 
authorized to debit Fulbright & Jaworski L.L.P. Deposit Acct. No. 50-1212/UTSD:749US/SLH. 

I. Real Party In Interest 

The real party in interest is the assignee, the Board of Regents, University of Texas 
System, Austin, TX. 
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II. Related Appeals and Interferences 

There are no related appeals or interferences. 

III. Status of the Claims 

Claims 1-35 were filed with the original application, and claims 36-43 were added during 
prosecution. Claims 6-8 and 26-35 have been canceled. Claims 17 and 18 are allowed. Thus, 
claims 1-5, 9-16, 19-25 and 36-43 are rejected and stand appealed. Claims A copy of the 
appealed claims is attached as Appendix A. 

IV. Status of the Amendments 

No amendments were offered following mailing of the final Office Action. 

V. Summary of the Claimed Subject Matter 

Independent claim 1 sets forth a method of protecting a cell from organophosphate toxin 
comprising (a) identifying a cell at risk of exposure or exposed to an organophosphate toxin; (b) 
providing an expression cassette comprising a promoter active in said cell and a gene encoding 
PON1 under the control of said promoter; and (c) transferring said expression cassette into said 
cell under conditions permitting expression of PON1; wherein said expression cassette expresses 
PON1 in said cell, providing protection from said organophosphate toxin. This claim is 
supported at page 4, lines 5-10 of the specification. 

Claim 21, the other independent claim, sets forth a method of protecting a subject from 
an organophosphate toxin comprising (a) identifying a subject at risk of exposure or exposed to 
an organophosphate toxin; (b) providing an expression cassette comprising a promoter active in 
cells of said subject, a gene encoding PON1 under the control of said promoter; and (c) 
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administering to said subject said expression cassette under conditions permitting expression of 
PON1; wherein said expression cassette expresses PON1 in said cell, providing protection from 
said organophosphate toxin. This claim is supported at page 4, lines 19-23 of the specification. 

VI. Grounds of Rejection to be Reviewed on Appeal 

1. Are claims 1-5, 10-13, 19-25, 37-39 and 43 obvious under 35 U.S.C. §103 over 
Radtke (Exhibit 1) taken with Li et al. (Exhibit 2) and Davies et al. (Exhibit 3)? 

2. Are claims 29 and 43 obvious under 35 U.S.C. §103 over Radtke, Li et al, Davies 
et al. and Scheffler (Exhibit 4)? 

VII. Argument 

A. Standard of Review 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. §706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In In re Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks 
whether a reasonable fact finder could have arrived at the agency's decision." Id. at 1312. 
Accordingly, it necessarily follows that an examiner's position on appeal must be supported by 
"substantial evidence" within the record in order to be upheld by the Board of Patent Appeals 
and Interferences. 



55230022.1 



-3- 



B. Rejections Under 35 U.S.C. §103 
i. Radtke, Li and Davies 

Claims 1-5, 10-13, 19-25, 37-39 and 43 stand rejected over Radtke (U.S. Patent 
6,521,226) in view of Li et al. (1995) and Davies et al. (1996). According to the examiner, 
Radtke provides all the necessary disclosure for recombinant expression of PON1, including 
PON1 Q and R, in humans, but fails to provide the motivation to do so in a subject exposed or at 
risk of OP toxicity. Li et al. is said to provide the missing motivation to use PON1 expression 
vectors such as a treatment or prevention of OP toxicity given that the reference allegedly 
teaches that "paraoxonase protects animals against organophosphate toxicity." Davies et al. is 
cited as representative of knowledge in the field that "the main determinant of susceptibility to 
organophosphate poisoning is the activity level of PON 1 enzymes . . . across many species 
including humans." Appellants traverse. 

To determine obviousness, the examiner must follow a strict set of guidelines from 
which he or she cannot deviate: 

To reach a proper determination under 35 U.S.C. 103, the examiner must step 
backward in time and into the shoes worn by the hypothetical "person of ordinary skill in 
the art" when the invention was unknown and just before it was made. In view of all 
factual information, the examiner must then make a determination whether the claimed 
invention "as a whole" would have been obvious at that time to that person. Knowledge 
of applicant's disclosure must be put aside in reaching this determination, yet kept in 
mind in order to determine the "differences," conduct the search and evaluate the "subject 
matter as a whole" of the invention. The tendency to resort to "hindsight" based upon 
applicant's disclosure is often difficult to avoid due to the very nature of the examination 
process. However, impermissible hindsight must be avoided and the legal conclusion 
must be reached on the basis of the facts gleaned from the prior art. . . . 

To establish a prima facie case of obviousness, three basic criteria must be met. 
First, there must be some suggestion or motivation, either in the references themselves or 
in the knowledge generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings. Second, there must be a reasonable 
expectation of success. Finally, the prior art reference (or references when combined) 
must teach or suggest all the claim limitations. The teaching or suggestion to make the 
claimed combination and the reasonable expectation of success must both be found in 
the prior art, and not based on applicant's disclosure. In re Vaeck, 947 F.2d 488, 20 
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USPQ2d 1438 (Fed. Cir. 1991). See MPEP § 2143 - § 2143.03 for decisions pertinent to 
each of these criteria .... 

MPEP §2142 (emphasis added). Here, appellants submit that the examiner cannot point to either 
an adequate motivation in the cited art or the field in general to support the combination of 
references, nor is there any indication that one of skill in the art would have found anything like 
a reasonable likelihood of success in practicing the invention as now claimed. 

At the outset, appellants readily acknowledge that Radke does indeed disclose 
information needed to provide for the recombinant expression of PON 1 Q and R. However, as 
has been pointed out repeatedly, and acknowledged by the examiner, this reference provides no 
motivation to use it for treating or preventing OP toxicity. In attempting to remedy this clear 
defect, the examiner has attempted rely on Li et al. and Davies et al. As will be shown, these 
references are limited technically, and thus do not support the present rejection as argued by the 
examiner. 

First, it is important to note that Li et al. isolated "PON" from rabbits, not PON1, and 
thus it is highly uncertain what this composition contained. They certainly report no effort to 
characterize the content of this composition. What is certain is that PON1 L and PON1 M were 
present, as well as PON1 Q and PON1 R, all in unknown distributions. Indeed, it is also quite 
possible that PON2 and PON3 enzymes were present. So, from the teachings of Li, one of skill 
in the art could not possibly know which element of the composition was protecting the animals 
from chlorpyrifos toxicity. So, even with Radtke and Li combined, one still cannot link PON1 Q 
and/or R with protection from OP toxicity. 

Next, turning to Davies et al, this article does suggest a role for PON1 Q and R in 
protection from OP toxicity and differential potency of the PON1 Q and R isoenzymes in 
hydrolyzing different OPs. However, Davies' demonstration of substrate specificity for PON1 Q 
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and R on serum samples tested in vitro was not sufficient to demonstrate that boosting PON1 Q 
and R isoenzyme concentrations in vivo would successfully protect against OP poisoning. The 
experiment of Davies et al. simply tested the hydrolytic activity of 92 serum samples of hispanic 
subjects to several OP chemicals in vitro. They did not test whether boosting the PON1 Q and R 
activity levels above what the subjects normally had would increase the protective effect. A 
genetic therapy depends on more factors than the gene activity for its success. For example, 
PON1 Q and R isoenzymes are bound to the high density lipoprotein (HDL) particle in vivo, and 
it was possible that the concentrations of HDL particles (PON1 binding capacity), or other 
physiologic factors, might have limited the hydrolytic effectiveness of the increases in 
production of the PON1 Q and R isoenzymes by the genetic therapy device. Many other 
potential influences could have limited the effects or increased the toxicity of boosting PON1 Q 
and R activity levels in vivo. None of these limitations could be discovered by simply measuring 
the differential hydrolysis rates of PON 1 isoenzymes on serum samples in vitro. 

Finally, in contrast to the cited art, appellants were the first to demonstrate that substrate 
specificity was successfully produced by boosting PON1 Q and R levels in vivo, removing the 
uncertainty over the many possibly perturbing influences and demonstrating that no apparent 
toxic effects limited its usefulness. Without this information, one skilled in the art could not 
possibly have assured that a genetic therapy for OP toxicity could be successfully produced and 
offered. Likewise, Davies et al. state that 'We also show that the effect of the PON1 
polymorphism is reversed for the hydrolysis of diazoxon, soman and especially sarin, thus 
changing the view of which PON1 isoform is considered to be protective:' Abstract (emphasis 
added). Thus, it appears that Davies considered substrate specificity to be important, but 
determining such in vitro is not sufficient to predict what happens in vivo. This unpredictability 
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is highlighted by Radtke, who taught that PON1 Q was the only important PON1 enzyme, albeit 
for atherosclerosis and not OP toxicity - an assertion now known to be false in the context of 
protecting against toxicity by some important OPs. Because the present inventors were the first 
to demonstrate the in vivo protective effects of PON1 Q/R recombinant therapy, including that 
PON1 R provided much better protection from chlorpyrifos than PON1 Q, they were the first to 
enable such treatments. 

In sum, Radtke showed how to use PON1 Q and R in genetic therapy but held that only 
PON1 R was useful, Li showed that infusing an unspecified "PON" mixture imparts protection 
from OP's in vivo, and Davies showed that varying PON1 Q and R confer different levels of 
protection to different OP's, but these were innate levels that were not boosted. However, these 
papers articles did not address the question of whether boosting both PON1 Q or R will protect 
differentially from OP exposures in vivo. There simply were too many unknowns that had not 
been addressed, any of which could have made the concept fail. Only by performing the 
experiment in vivo and showing that it worked could one claim to have possession of the 
reasonable predictability needed for obviousness, and that showing is missing from the prior art. 

The examiner has attempted to counter these very strong arguments, not by any scientific 
rebuttal, but by taking refuge behind three legal principles - first, that appellants have no 
"evidence" of unpredictability; second, that appellants are "arguing the references separately"; 
and third, that the recent KSR decision provides some sort of carte blanche for trivializing the 
motivation requirement of §103 rejections. As will be explained, all of these arguments are 
false. 

Addressing the evidence of unpredictability, appellants find it nothing short of shocking 
that the U.S. PTO is taking the position that gene therapy is not an unpredictable art (if it were 
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not taking this position, there would be no basis for challenging appellants' statements in this 
regard). Regardless, it is not necessary to discuss the general position of the PTO on gene 
therapy here for the simple reason that the present examiner has already gone on record in this 
prosecution that gene therapy is, in fact, unpredictable: "Thus, at the time the application was 
filed, the state of the art for gene therapy was considered highly unpredictable." Office Action of 
August 23, 2005, page 6; Office Action of May 17, 2006, page 5. The examiner cannot now 
argue there is only attorney argument to support this issue. 

Turning to the question of "arguing references separately," appellants submit that this is 
not what the record reveals. Rather, what appellants have done is to point out specific defects in 
each reference that undercut the examiner's attempted extrapolations. The skilled artisan would 
have read each of these references at the time the present invention was made and drawn from 
them only that which the science therein supports. Thus, it is only fair to for appellants to filter 
the teachings of these references in the same way that the skilled artisan would before combining 
their teachings. To do otherwise is to ignore that basic tenets of science that guide and direct the 
skilled artisan. As such, the arguments regarding examining the references individually simply 
do not hold any merit. 

Lastly, the examiner has improperly cited KSR as supporting the combination of three 
fundamentally limited references. While that case did indeed address the question of how 
explicit a suggestion in the art must be in order to support combining of various art, and thus 
whether motivation to combine can be established from more general teachings in the field, it did 
not change decades of case law requiring that motivation must be present. Indeed, the 
Supreme Court stated that such an obvious to try rationale may support a conclusion that a claim 
would have been obvious where one skilled in the art is choosing from a finite number of 
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identified, predictable solutions, with a reasonable expectation of success. KSR International 
Co. v. Teleflex Inc., 127 S. Ct, 1727, 1742, 82 USPQ2d 1385, 1397 (2007). However, where 
obvious to try means that one would have to "vary all parameters or try each of numerous 
possible choices until one possibly arrived at a successful result, where the prior art gave either 
no indication of which parameters were critical or no direction as to which of many possible 
choices is likely to be successful that would not satisfy §103. In re O'Farrell, 853 F.2d 894, 
903, 7 USPQ2d 1673, 1681 (Fed. Cir. 1988). Similarly, where obvious to try means the 
exploring of "a new technology or general approach that seemed to be a promising field of 
experimentation, where the prior art gave only general guidance as to the particular form of the 
claimed invention or how to achieve it ..." that too would be insufficient. Id. Here, there is 
clearly no "finite number of identified, predictable solutions" from which the skilled artisan 
could choose, as the examiner's own earlier admission recognized, not to mention the failure of 
Radtke to exploit this allegedly "obvious" aspect of PON 1 gene therapy. 

Thus, though the prior art may have pointed in the general direction of using PON1 to 
treat or protect from OP toxicity, the art relied upon is technically limited, and the entire 
endeavor is acknowledged to be far too speculative for those of skill in the art to consider it in 
any way predictable or straightforward. As such, reversal of the rejection is therefore 
respectfully requested. 

iL Radtke, Li, Davies and Scheffler 

Claims 1, 9, 14-16, 21, 36 and 40-42 are rejected as obvious over Radtke, Li et al. and 
Davies et al. in view of Scheffler (U.S. Patent 5,721,1 18) under §103. The first three references 
are cited as above, and Scheffler is cited as teaching poly-A sequences and various promoters. 
Appellants traverse. 
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As discussed above, Radtke, Li and Davies do not render the present invention obvious. 
Scheffler, providing only structural elements for expression vectors, does not cure this defect, 
and as such, this rejection is improper as well. 

Thus, for the reasons set forth above, reversal of this rejection also is respectfully 
requested. 

C. Conclusion 

In light of the foregoing, appellant respectfully submits that all pending claims are non- 
obvious under 35 U.S.C. §103. Therefore, it is respectfully requested that the Board reverse each 
of the pending rejections. 



Date: May 28, 2008 




Steven L. Highlander 
Rfeg. M6. 37,642 



^spectfully submitted, 



Fulbright & Jaworski L.L.P. 
600 Congress Ave., Suite 2400 
Austin TX 78701 
512-474-5201 
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VIII. APPENDIX A - APPEALED CLAIMS 

1 . A method of protecting a cell from organophosphate toxin comprising: 

(a) identifying a cell at risk of exposure or exposed to an organophosphate toxin; 

(b) providing an expression cassette comprising a promoter active in said cell and a 
gene encoding PON1 under the control of said promoter; and 

(c) transferring said expression cassette into said cell under conditions permitting 
expression of PON 1 ; 

wherein said expression cassette expresses PON1 in said cell, providing protection from 
said organophosphate toxin. 

2. The method of claim 1 , wherein PON1 is PON1 type Q. 

3 . The method of claim 1 , wherein PON 1 is PON 1 type R. 

4. The method of claim 1 , wherein said cell expresses PON1 type Q. 

5. The method of claim 1 , wherein said cell expresses PON1 type R. 

9. The method of claim 1 , wherein said expression cassette further comprises a 
polyadenylation signal. 

10. The method of claim 1 , wherein said expression cassette is further comprised within a 
vector. 

1 1 . The method of claim 1 0, wherein said vector is a viral vector. 

12. The method of claim 1 1 , wherein said viral vector is a herpesviral vector, a retroviral 
vector, an adenoviral vector, an adeno-associated viral vector, a polyoma viral vector, and 
a vaccinia viral vector. 

13. The method of claim 1 1 , wherein said viral vector is an adenoviral vector. 
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14. The method of claim 1 , wherein said promoter is a constitutive promoter. 

15. The method of claim 1 , wherein said promoter is an inducible promoter. 

1 6. The method of claim 1 , wherein said promoter is a tissue specific promoter. 

19. The method of claim 1 , wherein said cell is a liver cell. 

20. The method of claim 1, wherein said cell expresses low levels of PON 1 type Q or R as 
compared to the general population. 

21 . A method of protecting a subject from an organophosphate toxin comprising: 

(a) identifying a subject at risk of exposure or exposed to an organophosphate toxin; 

(b) providing an expression cassette comprising 

(i) a promoter active in cells of said subject, 

(ii) a gene encoding PON1 under the control of said promoter; and 

(c) administering to said subject said expression cassette under conditions permitting 
expression of PON 1; 

wherein said expression cassette expresses PON1 in said cell, providing protection from 
said organophosphate toxin. 

22. The method of claim 21, wherein PON1 is PON1 type Q. 

23. The method of claim 21 , wherein PON1 is PON1 type R. 

24. The method of claim 38, wherein said viral vector is a herpesviral vector, a retroviral 
vector, an adenoviral vector, an adeno-associated viral vector, a polyoma viral vector, and 
a vaccinia viral vector. 

25 . The method of claim 2 1 , wherein administering comprises intravenously or 
intraarterially. 
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36. The method of claim 2 1 , wherein said expression cassette further comprises a 
polyadenylation signal. 

37. The method of claim 2 1 , wherein said expression cassette is further comprised within a 
vector. 

38. The method of claim 37, wherein said vector is a viral vector. 

39. The method of claim 38, wherein said viral vector is an adenoviral vector. 

40. The method of claim 2 1 , wherein said promoter is a constitutive promoter. 

41. The method of claim 2 1 , wherein said promoter is an inducible promoter. 

42. The method of claim 2 1 , wherein said promoter is a tissue specific promoter. 

43. The method of claim 21 , wherein cells of said subject express low levels of PON1 type Q 
or R as compared to the general population. 
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IX. APPENDIX B - EVIDENCE CITED 

Exhibit 1 - Radtke, U.S. Patent 6,521,226 

Exhibit 2 -Li etal. (1995) 

Exhibit 3 - Davies et al. (1996) 

Exhibit 4 - Scheffler, U.S. Patent 5,721,1 18 
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X. APPENDIX C - RELATED PROCEEDINGS 

None 
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ATHEROMA FORMATION 

(75) Inventor: Klaus-Peter Radtke, Apex, NC (US) 

(73) Assignee: Bayer Corporation, Pittsburgh, PA 
(US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 
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atheroma formation in a mammal comprising administering 
a pharmaceutically effective amount of PON-1 or its func- 
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atherosclerosis. S. Parthasarathy and coworkers have shown 
that incubation of HDL with oxidatively-modified LDL 
results in inhibition of production of thiobarbituric acid- 
reactive products (TBARS) (Parthasarathy, S. et al., "High- 
density lipoprotein inhibits the oxidative modification of 
low-density lipoprotein," Biochim. Biophys. Acta 1044:275 
(1990)). However, the mechanism for HDL's antioxidative 
function remains unknown. In another study, Klimov et al. 
injected 200 mg of human HDL3 into rabbits which had been 
rendered hypercholesterolemic by cholesterol feeding. Total 
plasma conjugated dienes and trienes were reduced by 
20-30% six hours after the injection and remained at that 
reduced level up to twenty-four hours after the injection 
(Klimov, A. N., et al., "Antioxidative activity of high density 
lipoproteins in vivo," Atherosclerosis 100:13 (1993)). 

Antioxidant therapy has been shown to improve endot- 
helial cell function in patients with hypercholesterolemia 
and coronary artery disease (Anderson, T J, et al., "The 
effect of cholesterol-lowering and antioxidant therapy on 
endothelium-dependent coronary vasomotion," N. Engl. J. 
Med. 332:488 (1995)). The Cambridge Heart Antioxidant 
Study (CHAOS) randomized 2,002 patients with proven 
coronary disease to vitamin E, 400 to 800 I.U., or placebo. 
After a median follow-up of 1.4 years, antioxidant treatment 
reduced the primary endpoint of cardiovascular death and 
nonfatal MI by 47 percent (41 v. 64 events) (Stephens, N. G., 
et al., "Randomized controlled trial of Vitamin E in patients 
with coronary disease: Cambridge Heart Antioxidant Study 
(CHAOS)," Lancet 347:781 (1996)). 

Paraoxonase (PON) is a protein secreted by the liver that 
is found primarily in serum. The name is derived from its 
ability to hydrolyze the organophosphate paraoxon in vivo. 
There are 3 known allelic forms of PON. Serum 
paraoxonase/arylesterase (PON-1) is a 354 residue 43-45 
cholesterol absorbed by the intestine) and the endogenous 35 kDa A-esterase associated with HDL (Kelso, G. J., et al.. 



METHOD OF USING PON-1 TO DECREASE 
ATHEROMA FORMATION 



This application is a division of application Ser. No. 
09/199,672, filed Nov. 25, 1998 now U.S. Pat. No. 6,391, 



BACKGROUND 1 

1. Field of the Invention 

The invention relates generally to the field of heart disease 
and cardiovascular disease. More specifically, the invention 
is directed to a method of decreasing atheroma formation in 1 
mammals, by administration of paraoxonase-1 (PON-1), an 
expressed protein that has hydrolase activity for 
organophosphates, and antioxidation activity for low- 
density lipoprotein (LDL). 

2. Background J 
It is by now well-accepted that atherogenesis and hyper- 

lipidemia are intimately related. Atherogenesis involves the 
build-up of cholesterol within the endothelium of arterial 
walls and the subsequent formation of placques. Placques , 
can fissure, ultimately causing thrombus formation which 
may lead to stroke or myocardial infarction. Of the two 
forms of lipoproteins, high-density (HDL) and low-density 
lipoprotein (LDL), LDL is positively correlated with 
placque formation, while HDL is thought to be anti- , 
atherogenic through the reverse cholesterol transport mecha- 
nism (see below). 

The lipid transport system is divided into two major 
pathways, the exogenous pathway (dietary triglycerides and 



pathway (triglycerides and cholesterol secreted by the liver). 
The reverse cholesterol transport system, mediated by HDL, 
is involved in both pathways and is thought to be a major 
n-receptor based mechanism for removal of cholesterol by 



"Apolipoprotein J is associated with paraoxonase in human 
plasma," Biochemistry 33: 832-839 (1994)). It is well- 
known to be involved in the hydrolysis of several organo- 
phosphate insecticides (Murphy, S. D. in Toxicology: The 



HDL. Two subsets of HDL are involved in reverse choles- m Basic Science of Poisons, (eds. Doull, J., Klassen, C, & 



terol transport, HDL2 and HDL3. Nascent HDL a< 
lates cholesterol from cell membranes. The circulating 
enzyme lecithin-cholesterol acyltransferase ("LCAT") asso- 
ciates with HDL and esterifies free cholesterol, causing the 



Amndur, M.) 357-408, Macmillan, New York, (1980); 
Tafuri, J., et al., "Organophosphate poisoning," Ann. Emerg. 
Med. 16:193-202 (1987)). PON2 and PON3 are known 
allelic variants that have similar sequences. It is not known 



esterified cholesterol to move into the core. HDL3 particles 45 jf PON2 or PON3 are expressed in vivo. U.S. Pat. Nos. 
accumulate cholesteryl ester, and as it accumulates HDL3 
becomes HDL2, which is rich in cholesteryl ester. The 
cholesteryl ester in HDL2 is then exchanged for triglyceride 
with the aid of cholesteryl ester transfer protein, converting 
HDL2 back to HDL3, which is then able to accumulate more 5 
free cholesterol. HDL is thought to be antiatherogenic 
through the reverse cholesterol transport system, because of 
its ability to take up excess free cholesterol. 

Oxidation of LDL is a key intermediate in the formation 
of atherogenic placques. It has been found that LDL must 5 
undergo modification before it can be ingested by macroph- 
ages to form foam cells, which are important components of 
atherosclerotic placques (Steinberg, D., et al., "Beyond 
cholesterol: modifications of low-density cholesterol that 



5,792,639 and 5,629,193 (Human Genome Sciences) are 
directed to a human paraoxonase gene, its associated vectors 
and transformed host cells and their use to detoxify orga- 
nophosphates in vivo and for a neuroprotective effect. The 
DNAsequence claimed by HGS is likely that of PON2 based 
on homology searching. An alignment of the PON1 and 
PON2 nucleic acid sequences shows 69% identity. There is 
no suggestion in either the '639 or the '193 patents for the 
use of paraoxonase to reduce atheroma formation described 
herein. 

The physiologic activity of the PON family members was, 
until recently, unknown. It has recently been postulated that 
PON may play a role as an in vivo antioxidant that may 
reduce the peroxidation of LDL (Mackness, M. I., et al., 



increase its atherogenicity," N. Engl. J. Med. 320:915 60 "HDL, its enzymes and its potential to influence lipid 

(1989)). In vivo, oxidation is probably the most frequent peroxidation," Atherosclerosis 115:243-253 (1995)). 

form of LDL modification. Oxidized LDL not only contrib- However, the same review stated that other enzymes resi- 

utes to the formation of foam cells, but also is chemotactic dent on HDL may also play the same role, such as platelet 

for circulating monocytes, is cytotoxic, and impairs endot- activating factor acetylhydrolase (Stafformi, D. M., et al., 

helial function. 65 "The plasma PAF acetylhydrolase prevents oxidative modi- 

HDL was found to inhibit LDL oxidation, which is fication of low density lipoprotein," J. Lipid Mediators Cell 

another potential mechanism by which HDL may reduce Signaling 10:53 (1994)). 
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Several human population studies have revealed signifl- upregulate), and heterozygotes respond half as well as 

cant associations between the common polymorphisms of normals. Niacin is effective in lowering LDL, but is poorly 

the PON1 gene and coronary artery disease (CAD) (Ruiz, J., tolerated. Non-pharmacologic treatment includes weekly 

et al., "Gln-Argl92 polymorphism of paraoxonase and coro- plasmapheresis, partial ileal bypass, protocaval shunts, and 

nary heart disease in type 2 diabetes," Lancet 346: 869-872 5 liver transplants. 

(1995); Serrato, M., et al., "A variant of human paraoxonase/ There ^ a dear need for alternative treatments for those 

arylesterase (HUMPONA) gene is a ^risk facta - for coronary exhibitin hypercholesterolemia, particularly famil- 

artery disease, J. Clin. Invest. 96: 3005-3008 (1995)). Also, r hvT5erchoieste r 0 iemia 

PON1 has the capacity to destroy certain proinflammatory yv 

oxidized phospholipids found in oxidized LDL (Mackness, 1Q SUMMARY OF THE INVENTION 
M. I., et al, "Paraoxonase prevents accumulation of lipop- 

eroxides in low-density lipoprotein," FEBS Lett 286: This invention is directed to a method of decreasing 

152-154 (1991); Watson, A. D., et al., "Protective effect of atheroma formation in a mammal comprising administering 

HDL associated paraoxonase-inhibition of the biological a pharmaceutically effective amount of PON-1 or its func- 

activity of minimally oxidized low density lipoprotein," J. 15 tional equivalent. It is shown herein in an animal model that, 

Clin. Invest. 96: 2882-2891 (1995)). Again, there has been surprisingly, PON-1 can act to reduce the area of aortic 

no isolation of the mechanism except to suggest that lesions, which are predictive of future atherosclerotic 

paraoxonase may be involved. placques (atheromas). This discovery represents a potential 

Mackness et al. ("Is Paraoxonase related to pharmacological treatment for FH that should be beneficial 

Atherosclerosis," Chem.-Biol. Interactions 87:161-171 20 for hypercholesterolemia generally. 

(1993)) discuss the evidence for an anti-oxidative role for it is an object of the invention to provide a method for 

paraoxonase. In this paper they investigated the serum decreasing atheroma formation in a mammal by adminis- 

paraoxonase activity in two populations prone to developing tering a pharmaceutically effective amount of PON-1 or its 

atherosclerosis, patients having familial hypercholester- functional equivalent, thereby decreasing the potential for 

olemia (FH) and IDDM (insulin-dependent diabetes 25 atherosclerosis. 

mellitus). They showed a statistically significant increase in It ^ anomer object of the present invention to provide a 
the percentage of the population in the low paraoxonase Qew treat ment for those afflicted with FH. 
activity group in both FH and IDDM, two diseases mani- 
festing a high occurrence of atherosclerosis. In addition, BRIEF DESCRIPTION OF THE FIGURES 
Mackness et al. studied, in an in vitro LDL oxidation model, 30 

the possible role of paraoxonase by adding small amounts in FIG. 1 is a graphical representation of plasma PON-1 

the presence of LDL under oxidative conditions. They (arylesterase assay) activity of LDLR KO mice after receiv- 

concluded that paraoxonase is 300 times more active in ing an intramuscular (i.m.) injection with 290 units of 

preventing LDL oxidation than is HDL or its subtractions. human PON-1 192Q. Mice were bled at the indicated times 

However, they conclude that how paraoxonase protects LDL 3S (0, 8, 24 and 48 hrs) and PON-1 activities measured, 

against oxidation in this model has yet to be determined, and FIGS. 2A and 2B are bar graphs showing the amount of 

several possibilities are discussed. human PON-1 present in mouse serum 24 hours after 

In genetic studies with mice, PON1 mRNA and protein injection, either on day 7 (FIG. 2A) or on day 28 (FIG. 2B). 

levels correlate inversely with aortic lesion size (Shih, D. Control mice received buffer. 

M., et al., "Genetic-dietary regulation of serum paraoxonase 40 FIGS. 3A through D are Western Blots showing the 

expression and its role in atherogenesis in a mouse model," generation of anti human PON-1 antibodies in mice treated 

J. Clin. Invest. 97: 1630-1639 (1996)). These data suggest with human PON-1, over the course of the study, 

that PON1 activity may bear some relationship to HDL FIG 4 jg a bar graph comparing aortic lesion size in 

levels and CAD observed in population studies (Tall, A., LDLR KO mice in PON-1 treated v. control-treated groups. 

"Plasma high density lipoproteins: Metabolism and relation- 45 

ship to atherogenesis," J. Clin. Invest. 86: 379-384 (1990)). DETAILED DESCRIPTION OF THE 

Familial hypercholesterolemia is a genetic disorder that INVENTION 

results in chronically high levels of serum cholesterol, Definitions 

including both HDL and LDL. The disorder is also charac- The term "paraoxonase" refers to any of the three known 

terized as an LDL receptor defect. It is autosomal dominant 50 alleles of the glycoprotein enzyme known as paraoxonase 

with prevalence estimates of 1 homozygote per million of ("PON"), namely PON1 PON2 and PON3, and their 

population. The LDL receptor normally participates in the naturally-occurring variants. PON isolated from serum is 

uptake and subsequent elimination of LDL by hepatocytes. called "serum paraoxonase," also PON-1. PON-1 is the only 
Accumulation of LDL in these patients is a result of the LDL known allele to be expressed, and is present chiefly in serum, 

receptor defect. There are definite high-incidence popula- 55 In humans there is a known PON-1 variant at amino acid 

tions due to a founder effect, with French Canadians being position 192 called the "192Q" variant that has higher 

the best known. The heterozygotes develop xanthomas at anti-atherogenic activity than do the other variants. In popu- 

20-30 years with atherosclerotic heart disease by 40-50 lations of European ancestry, the distribution seems to be 

years in males and 50-60 years in females. Homozygotes polymorphic, with low and high activity sub-forms. 192R is 

usually do not survive beyond their thirties, due to cardiac 60 the low-activity variant. The term "PON-1 and its functional 

infarctions caused by excessive placque accumulation. They equivalents" means any paraoxonase or fragment, deletion 

have total cholesterol in the 500-1,000 mg/dl range, develop variant, substitution variant or derivative having antioxida- 

xanthomas by age 6, and develop symptomatic coronary tive activity towards atherogenic lipids at least as effective 

artery disease by age 10. as native PON-1. 

Treatment of LDL receptor deficient patients is problem- 65 PON-1, as in other proteins, can be varied at specific 

atic. Homozygotes do not respond to HMG-CoA reductase amino acid residue positions to create other variants of 

inhibitors (they have no functional LDL receptors to native PON-1 ("muteins"). These variants may have more, 
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less or the same native activity, depending on whether the arylesterase," Proc. Natl. Acad. Sci. USA 92: 7187-7191 

amino acid substitutions affect the active site, the substrate (1995)). Supplementary active compounds can also be 

specificity, the folding of the protein, etc. We prefer conser- incorporated into the compositions, 

vative modifications and substitutions at other positions of A pharmaceutical composition of the invention is formu- 

PON-1 (i.e., those that have a minimal effect on the sec- 5 lated to be compatible with its intended route of adminis- 

ondary or tertiary structure of the protein). Such conserva- tration. Examples of routes of administration include 

tive substitutions include those described by Dayhoff in The parenteral, e.g., intravenous, intradermal, subcutaneous, oral 

Atlas of Protein Sequence and Structure 5 (1978), and by (e.g., inhalation), transdermal (topical), transmucosal, and 

Argos in EMBO J., 8:779-785 (1989). For example, amino rectal administration. Solutions or suspensions used for 

acids belonging to one of the following groups represent 10 parenteral, intradermal, or subcutaneous application can 

conservative changes: include the following components: a sterile diluent such as 

ala, pro, gly, gin, asn, ser, thr; water for injection, saline solution, fixed oils, polyethylene 

cvs ser'tvr'thr-' ' ' ' glycols, glycerine, propylene glycol or other synthetic sol- 

' 'i ' t, vents; antibacterial agents such as benzyl alcohol or methyl 

val, lie, leu, met, ala, phe; 1S parabens; antioxidants such as ascorbic acid, tocopherol or 

lys, arg, his; sodium bisulfite; buffers such as acetates, citrates or phos- 

phe, tyr, trp, his; and phates and agents for the adjustment of tonicity such as 

asp, glu. sodium chloride or dextrose. pH can be adjusted with acids 

We also prefer modifications or substitutions that do not or bases, such as hydrochloric acid or sodium hydroxide, 

introduce sites for additional intermolecular crosslinking or 20 The parenteral preparation can be enclosed in ampoules, 

incorrect disulfide bond formation. For example, PON-1 is disposable syringes or multiple dose vials made of glass or 

known to have 2 cysteine residues, at wild-type positions 41 plastic. 

and 352 of the mature sequence. Pharmaceutical compositions suitable for injectable use 

PON-1 can be isolated from human serum or human include sterile aqueous solutions (where water soluble) or 

plasma (Gan, K. N., et al., "Purification of human serum 25 dispersions and sterile powders for the extemporaneous 

paraoxonase/arylesterase. Evidence for one esterase cata- preparation of sterile injectable solutions or dispersion. For 

lyzing both activities," Drug Metab. Dispos. 19(1): 100-6 intravenous administration, suitable carriers include physi- 

(1991)) or can be made through recombinant methods. U.S. ological saline, bacteriostatic water, Cremophor EL™ 

Pat. Nos. 5,792,639 and 5,629,193 are directed to PON2 (BASF, Parsippany, N.J.) or phosphate buffered saline 

genes, proteins and methods of making and using PON-2, 30 (PBS). In all cases, the composition must be sterile and 

and those expression methods are expressly incorporated should be fluid to the extent that easy syringability exists. It 

herein in their entirety. One of ordinary skill is able to use must be stable under the conditions of manufacture and 

the teachings therein, and combine them with the known storage and must be preserved against the contaminating 

sequence of PON1 (SwissProt Accession No. Q16052; ID action of microorganisms such as bacteria and fungi. The 

PON1 HUMAN) to express the PON-1 protein without 35 carrier can be a solvent or dispersion medium containing, for 

undue experimentation. example, water, ethanol, polyol (for example, glycerol, 

Similarly, if one wished to produce the 192Q or any other propylene glycol, and liquid polyetheylene glycol, and the 

variant, a DNA sequence is constructed by isolating or like), and suitable mixtures thereof. The proper fluidity can 

synthesizing a DNA sequence encoding the wild type PON be maintained, for example, by the use of a coating such as 

and then changing the native codon for position 192 to a 40 lecithin, by the maintenance of the required particle size in 

desired codon by site-specific mutagenesis. This technique the case of dispersion and by the use of surfactants. Pre- 

is well known. See, e.g., Mark et al., "Site-specific Mutagen- vention of the action of microorganisms can be achieved by 

esis Of The Human Fibroblast Interferon Gene", Proc. Natl. various antibacterial and antifungal agents, for example, 

Acad. Sci. USA 81, pp. 5662-66 (1984); and U.S. Pat. No. parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, 

4,588,585, incorporated herein by reference. 45 and the like. In many cases, it will be preferable to include 

The biological activity of the PON-1 glycoprotein of this isotonic agents, for example, sugars, polyalcohols such as 

invention can be assayed by any suitable method known in manitol, sorbitol, sodium chloride in the composition. Pro- 

the art. Two methods are disclosed herein, the paraoxonase longed absorption of the injectable compositions can be 

assay, and the arylesterase assay. (See I. Methods, below). brought about by including in the composition an agent 

Pharmaceutical Compositions 50 which delays absorption, for example, aluminum 

The PON-1 protein (also referred to herein as "active monostearate and gelatin, 
compounds") of the invention can be incorporated into Sterile injectable solutions can be prepared by incorpo- 
pharmaceutical compositions suitable for administration. rating the active compound (e.g., a PON-1 protein or anti- 
Such compositions typically comprise the protein and a PON1 antibody) in the required amount in an appropriate 
pharmaceuticaily acceptable carrier. As used herein the 55 solvent with one or a combination of ingredients enumerated 
language "pharmaceuticaily acceptable carrier" is intended above, as required, followed by filtered sterilization, 
to include any and all solvents, dispersion media, coatings, Generally, dispersions are prepared by incorporating the 
antibacterial and antiflngal agents, isotonic and absorption active compound into a sterile vehicle which contains a 
delaying agents, and the like, compatible with pharmaceu- basic dispersion medium and the required other ingredients 
deal administration. The use of such media and agents for 60 from those enumerated above. In the case of sterile powders 
pharmaceuticaily active substances is well known in the art. for the preparation of sterile injectable solutions, the pre- 
Except insofar as any conventional media or agent is incom- ferred methods of preparation are vacuum drying and freeze- 
patible with the active compound, use thereof in the com- drying which yields a powder of the active ingredient plus 
positions is contemplated. For instance, it is known that any additional desired ingredient from a previously sterile- 
PON-1 is a calcium-dependent protein, having several cal- 65 filtered solution thereof. Stabilizers such as albumin, HDL or 
cium binding loops (Sorenson et al., "Reconsideration of the a sugar such as sucrose, or calcium ions may also be 
catalytic center and mechanism of mammalian paraoxonase/ included to increase the shelf-life of the protein. 
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Oral compositions generally include an inert diluent or an 
edible carrier. They can be enclosed in gelatin capsules or 
compressed into tablets. For the purpose of oral therapeutic 
administration, the active compound can be incorporated 
with excipients and used in the form of tablets, troches, or 
capsules. Oral compositions can also be prepared using a 
fluid carrier for use as a mouthwash, wherein the compound 
in the fluid carrier is applied orally and swished and expec- 
torated or swallowed. Pharmaceutically compatible binding 
agents, and/or adjuvant materials can be included as part of 
the composition. The tablets, pills, capsules, troches and the 
like can contain any of the following ingredients, or com- 
pounds of a similar nature: a binder such as microcrystalline 
cellulose, gum tragacanth or gelatin; an excipient such as 
starch or lactose, a disintegrating agent such as alginic acid, 
Primogel, or corn starch; a lubricant such as magnesium 
stearate or Sterotes; a glidant such as colloidal silicon 
dioxide; a sweetening agent such as sucrose or saccharin; or 
a flavoring agent such as peppermint, methyl salicylate, or 
orange flavoring. 

For administration by inhalation, the compounds are 
delivered in the form of an aerosol spray from a pressured 
container or dispenser which contains a suitable propellant, 
e.g., a gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or 
transdermal means. For transmucosal or transdermal 
administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are 
generally known in the art, and include, for example, for 
transmucosal administration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can be 
accomplished through the use of nasal sprays or supposito- 
ries. For transdermal administration, the active compounds 
are formulated into ointments, salves, gels, or creams as 
generally known in the art. 

The compounds can also be prepared in the form of 
suppositories (e.g., with conventional suppository bases 
such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 

In one embodiment, the active compounds are prepared 
with carriers that will protect the compound against rapid 
elimination from the body, such as a controlled release 
formulation, including implants and microencapsulated 
delivery systems. 

Biodegradable, biocompatible polymers can be used, such 
as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, 
collagen, polyorthoesters, and polylactic acid. Methods for 
preparation of such formulations will be apparent to those 
skilled in the art. The materials can also be obtained com- 
mercially from Alza Corporation and Nova Pharmaceuticals, 
Inc. Liposomal suspensions (including liposomes targeted to 
infected cells with monoclonal antibodies to viral antigens) 
can also be used as pharmaceutically acceptable carriers. 
These can be prepared according to methods known to those 
skilled in the art, for example, as described in U.S. Pat. No. 
4,522,811. 

It is especially advantageous to formulate oral or 
parenteral compositions in dosage unit form for ease of 
administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete units suited as 
unitary dosages for the subject to be treated; each unit 
containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in asso- 
ciation with the required pharmaceutical carrier. The speci- 
fication for the dosage unit forms of the invention are 
dictated by and directly dependent on the unique character- 
istics of the active compound and the particular therapeutic 
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effect to be achieved, and the limitations inherent in the art 
of compounding such an active compound for the treatment 
of individuals. 

General guidance regarding dosage and compositions is 

5 available in Remington's Pharmacautical Science by E. W. 
Martin, hereby in corporated by reference. 

The invention is further directed to a method of diagnos- 
ing predisposition to hypercholesterolemia by assessing the 
level of native circulating PON-1 in a mammal. The results 

JQ of the animal testing presented herein show that PON-1 
administration can reduce, by a surprising factor, the build- 
up of fatty streaks in mouse aortic tissues. Thus, detection 
and monitoring of PON-1 levels in a mammal may be 
diagnostic of subsequent atheroma formation, which is 

15 predictive of atherosclerosis. Assays such as are presented 
here for paraoxonase or arylesterase may be the basis of such 
a diagnostic method. The method may take into account the 
genetic differences between sub-populations which express 
phenotypic variations in PON-1 which are correlated with 

20 higher than normal cardiovascular events. For instance, the 
PON-1 192Q phenotype has been correlated with higher 
paraoxonase activity than the 192R phenotype. 

It would be expected that an assay may be based on 
measuring either phenotype separately, and/or the ratio of 

^ these two phenotypes present in an individual in order to 
predict their individual susceptibility to atherosclerosis. 

Also contemplated is the use of DNA sequences encoding 
PON-1 in gene therapy applications. Gene therapy applica- 
tions contemplated include treatment of those diseases in 

30 which PON-1 is expected to provide an effective therapy due 
to its ability to decrease lipid oxidation such as 
atherosclerosis, and diseases that are otherwise responsive to 
lipid oxidation levels. Familial hypercholesterolemia, which 
is manifested by the lack of expression of LDL receptors, is 

3J one such disease that results in very high levels of circulat- 
ing cholesterol, triglycerides and related lipids. 

Local delivery of PON-1 using gene therapy may provide 
the therapeutic agent to the target area. Both in vitro and in 
vivo gene therapy methodologies are contemplated. Several 

^ methods for transferring potentially therapeutic genes to 
defined cell populations are known. See, e.g., Mulligan, 
"The Basic Science Of Gene Therapy", Science, 260: 
926-31 (1993). These methods include: 

1) Direct gene transfer. See, e.g., Wolff et al., "Direct 
4S Gene transfer Into Mouse Muscle In Vivo", Science, 

247:1465-68 (1990); 

2) Liposome-mediated DNA transfer. See, e.g., Caplen at 
al., "Liposome-mediated CFTR Gene Transfer To The 
Nasal Epithelium Of Patients With Cystic Fibrosis", 

so Nature Med. 3: 39-46 (1995); Crystal, "The Gene As A 
Drug", Nature Med. 1:15-17 (1995); Gao and Huang, 
"A Novel Cationic Liposome Reagent For Efficient 
Transfection Of Mammalian Cells", Biochem. Biophys. 
Res. Comm., 179:280-85 (1991); 

55 3) Retrovirus-mediated DNA transfer. See, e.g., Kay et 
al., "In Vivo Gene Therapy Of Hemophilia B: Sus- 
tained Partial Correction In Factor IX-Deficient Dogs", 
Science, 262:117-19 (1993); Anderson, "Human Gene 
Therapy", Science, 256:808-13 (1992). 

60 4) DNA Virus-mediated DNA transfer. Such DNA viruses 
include adenoviruses (preferably Ad-2 or Ad-5 based 
vectors), herpes viruses (preferably herpes simplex 
virus based vectors), and parvoviruses (preferably 
"defective" or non-autonomous parvovirus based 

65 vectors, more preferably adeno-associated virus based 
vectors, most preferably AAV-2 based vectors). See, 
e.g., Ali et al., "The Use Of DNA Viruses As Vectors 
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For Gene Therapy", Gene Therapy, 1:367-84 (1994); Group 1: baseline group, sacrificed on day 0. 

U.S. Pat. No. 4,797,368, incorporated herein by Group 2: 4-week chow group, these mice were fed the 6% 

reference, and U.S. Pat. No. 5,139,941, incorporated fat chow diet and sacrificed on day 28. PON- 1 activities 

herein by reference. were measured by paraoxonase assay in groups 4 and 

The choice of a particular vector system for transferring 5 5. 

the gene of interest will depend on a variety of factors. One Group 3: 4-week high fat diet group, these mice were fed 

important factor is the nature of the target cell population. the high fat diet for 4 weeks and sacrificed on day 28. 

Although retroviral vectors have been extensively studied Group 4: 4. wee k high fat diet plus buffer injection, these 

and used in a number of gene therapy applications, these m j ce were f ed me n i gn f a t diet for 4 weeks (day 1 to day 

vectors are generally unsuited for infecting non-dividing w 28) and received 80 fil of buffer injections via i.m. on 

cells. In addition, retroviruses have the potential for onco- day ^ 3> 6> 8> 10; 13> 15> and 17 _ T he mice then 

genicity. received 80 fil of buffer injections via i.p. on day 20, 21, 

Adenoviruses have the advantage that they have a broad 2 2, 2 3, 24, 25, 26, 27. The mice were then sacrificed on 

host range, can infect quiescent or terminally differentiated day 2 g. 

cells, such as neurons or hepatocytes, and appear essentially J5 Group 5 . 4 _ week ^ fat diet plus pQN m j ection; these 

non-oncogenic. See, e.g., Ali et al., supra, p. 367. Adenovi- mice were fod {he ^ gh . M for 4 weeks ( day 1 t0 

ruses do not appear to integrate into the host genome. day 2g) and received 80 ^ (800 ^ g> 2 90 units of 

Because they exist extrachromosomally, the risk of inser- par aoxonase activity) of human PON-1 192Q (PON-1 

tional mutagenesis is greatly reduced. Ah et al., supra, p. was purified from human plasma donors homozygous 

373 - 20 for the 192Q mutation, using the method described by 

Adeno-associated viruses exhibit similar advantages as Ber( la.Du (Gan, K. N., et al., "Purification of human 

adenoviral-based vectors. However, AAVs exhibit site- senlm paraoxonase /arylesterase. Evidence for one 

specific mtegration on human chromosome 19. Ah et al., esterase catalyzing both activities," Drug Metab. Dis- 

supra, p. 377. pos 19( ^y iorj-106 (1991)) injections via i.m. on day 

In a preferred embodiment, the PON-1 encoding DNAof 2S ^ ^ 6> 8> 1Q> 13> 15> and 1? ^ mice then received 

this invention is used m gene therapy for lipid-based disor- 80 . of human p,-,^ 192Q in j ections via ip . on day 

ders such as FH, and cardiovascular complications arising 2 0, 21, 22, 23, 24, 25, 26, 27. The mice were then 

from other disorders such as non-insulin dependent diabetes sacrificed on day 28. 

mellitus. , The high-fat diet contained 15.75% fat, 1.25% cholesterol 

According to this embodiment, gene therapy with DNA 3Q and Q 5% cholate ( Te klad, Madison, Wis.). For 

encoding PON-1 or muteins of this invention is provided to groups 4 an(J ^ plasma poN1 activities were measU red on 

a patient in need thereof, concurrent with, or immediately both day ? (24 hours ^ aQ j m injection ) and day 2S at 

after diagnosis. sacrifice (24 hours after an i.p. injection). For groups 1, 2, 

The skilled artisan will appreciate that any suitable gene and ^ poN-1 activities were measured in plasma samples 

therapy vector contaimng PON-1 DNA or DNA of muteins 3J collected at sacrifice . A t sacrifice, the mice were fasted 

of PON-1 may be used in accordance with this embodiment. ovemight and kiu ed . Blood, hearts, and livers were collected 

The techniques for constructing such a vector are known. for analysis . 

See, e.g., Anderson, W. F, "Human Gene Therapy," Nature, poN-1 activities and lipid assays. PON-1 activities were 

392 25-30 (1998); Verma, I. M., and Somia, N., "Gene measured either by para oxonase assay using the organo- 

Therapy-Promises, Problems, and Prospects," Nature, 389 ^ phosphate paraoX on as the substrate (Furlong, C. E. et al., 

239-242 (1998). Introduction of the PON-1 DNA- « S pectrophotometric assays for the enzymatic hydrolysis of 

containing vector to the target site may be accomplished ^ active metabolites G f chlorpyrifos and parathion by 

using known techniques. plasma paraoxonase/arylesterase," Anal. Biochem. 180: 

This invention is further illustrated by the following 2 42-247 (1989)) or by arylesterase assay using phenyl 

examples, which should not be construed to limit the 4J acetate ^ the substrate (Furlong, C. E., et al., "Role of 

invention, but serve to support it. The content of all patents, genetic polymorphism 0 f human plasma paraoxonase/ 

patent applications and references referred to herein are ary i est erase in hydrolysis of the insecticide metabolites 

hereby incorporated in their entirety. chlorpyrifos oxon and paraoxon," Am. J Hum. Genet. 

EXAMPLES 43:230-238 (1988)). Briefly, for the paraoxonase assay, 5 fil 

I. Methods so of plasma was mixed with the substrate solution containing 

Mice and Diet. The LDLR KO mouse model is a recog- 1.2 mM of paraoxon, 2.0 M NaCl, 0.1 M Tris HC1 pH 8.5 

nized animal model for predicting pharmacological activity and 2.0 mM CaCl 2 . The production of p-nitrophenol was 

for pharmaceutical candidates in the field of atherogenesis. measured, at room temperature, as change in absorbance 

Their LDL receptors, necessary for removal of atherogenic (O.D.) at 405 nm over 5 minutes. Astandard curve was also 

LDL, have been deleted by homologous recombination 55 constructed by measuring O.D of various concentrations 

(Ishibashi S., et al., "Hypercholesterolemia in low density of p-nitrophenol. One unit of paraoxonase activity is defined 

lipoprotein receptor knockout mice and its reversal by as 1 nmole of p-nitrophenol produced/min. For arylesterase 

adenovirus-mediated gene delivery," J. Clin. Invest. 92(2) assay, 1 fil of plasma was mixed with 1 ml of substrate 

:883-893 (1993)). These mice are particularly susceptible to solution contaimng 3.26 mM phenylacetate, 9.0 mM Tris 
atheroma formation (fatty streaks) in their primary arteries if 60 HC1 pH 8.0, and 0.9 mM CaCl 2 . The production of phenol 

fed a high-fat diet. Two month-old female LDL receptor was measured, at room temperature, as change in absor- 

knockout (LDLR KO) mice were purchased from Jackson bance (O.D.) at 270 nm over 2 minutes. The arylesterase 

Laboratory (Bar Harbor, Me.) and maintained on a 6% fat activity was then calculated using the molar exinction coef- 

chow diet (Harlan Teklad, Madison, Wis.). For the PON ficient for phenol (1,310 M -1 cm" 1 ). One unit of arylesterase 

replacement study, 50 female LDLR KO mice, at 3 months 65 activity is defined as 1 ,ttmole phenol produced/min. For all 

of age, were divided into the following 5 groups with 10 of the groups, plasma total cholesterol, HDL cholesterol, 

mice/group: VLDL/LDL cholesterol, and triglycerides were measured in 
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plasma samples collected at sacrifice using enzymatic pro- Example 2 

cedures employing enzymatic end points (Mehrabian, M., et PON1 192Q Replacement Study 

al., "Influence of the apoA-II gene locus on HDL levels and The experimental design was previously described in 

fatty streak development in mice," Arterioscler. Thromb. 13: Methods. For Group 4 (4-week high fat diet plus buffer 

1-10 (1993)). 5 injection) and Group 5 (4 week high-fat diet plus 290 units 

Aortic lesion measurements. Briefly, the use of aortic human PON-1 192Q injection), plasma PON-1 activities 

lesion measurements requires that, at sacrifice, the upper were measured on day 7, 24 hr after the third i.m. injection, 

portion of the heart and proximal aorta is obtained and At day 7 there were 10 mice in each group; values shown are 

embedded in OCT compound (Tissue-Tek OCT averages from two independent paraoxonase assays. At day 

Compound — Sakura FinetekUSAInc.Torrence, Calif.) and 10 28, there were 9 mice in each group; paraoxonase assay, 

frozen. Every other 10-/«n thick cryosection, beginning As shown in FIGS. 2A and 2B, we found that, on day 7, 

where the aortic valves appear, is collected for a distance of the high-fat diet plus PON-1 injection group exhibited 27% 

about 500 fim. These sections are stained with oil red O (Oil higher PON-1 activities as compared to the high fat plus 

Red O, Sigma Chemical Company, St. Louis, Mo.) and buffer injection group (p=0.03) (FIG. 2A). However, on day 

counter-stained with hematoxylin (Hematoxylin aqueous 15 28 (FIG. 2B), we found that the high fat diet plus PON-1 

formula, Biomeda Corp., Foster City, Calif.) and Fast Green injection group had only 50% of the PON-1 activities as 

(Fast Green FCF, Sigma, St. Louis, Mo.). The lipid contain- compared to those of the high-fat plus buffer injection group 

ing areas on 25 sections are determined using a microscope (p<0.0001). We postulated that the reduction of PON-1 

eyepiece grid. Mean lesion area/section are then calculated activities in the PON-1 injected group on day 28 was likely 

(Mehrabian, M., et al., "Influence of the apoA-II gene locus 20 caused by an immune response in the mice toward the 

on HDL levels and fatty streak development in mice," injected human PON-1 192Q. 

Arterioscler. Thromb. 13: 1-10 (1993)). Example 3 

Western blot analysis. Various amounts of purified human Detection of Anti-human PON-1 Antibodies in LDLR KO 

PON- 192Q (400, 200 100, 50 ng/lane) and 1^1 of mouse mc& d ^ Human p^ 

HDL (equivalent to 6 fA of mouse plasma) were loaded on 25 Vafious amounts of purified human P0N1 192Q (400, 

denaturing polyacrylamide gel for electrophoresis m 5Q an(J 1 j of mQUSe HDL (equivalent t0 

(denaturing agent used: 2xbuffer: 0.5 M Tris-HCl, pH6.8 lasma) were loade(J Qn denaturin , 

2.5 ml; glycerol, 2 ml; 10% SDS, 4 ml; 0.1% bromophenol ^ J eIect / ophoresis . m fractionate d proteins 

blue, 1X5 ml; beta-mercaptoethanol, 0.5 ml; water to 10 0 ^ ^ transforred onto nitrocelMose paper . Specifically 

ml). The fractionated proteins were then transferred onto 30 ^ tQ piGS 3A through D fow of these identical 

nitrocellulose paper (Hybond-ECL nitrocellulose nitroceUu i ose blots were then incubated for 1 hour with one 

Amersham, Buckinghamshire, UK). Four of such identical of ^ following solutions: panel a, 1:500 dilution of pooled 

nitroceUuiose blots were than incubated for 1 hour with one a from mice ^ buffef after 4 weeks rf 

of the following solutions: (1) 1:500 dilution of pooled bu£fer j^^. el B> 1:500 of pooled plasma 

plasma from mice injected with buffer after 4 weeks of 35 &Qm ^ ed ^ human pQN ^ 192Q after 4 weeks 

injection, (2) 1:500 dilution of pooled plasma from mice rf injection , c 1:500 dilution of pooled plasma from 

injected with human PON-1 192Q after 4 weeks of injection, mic& J cted ^ human po^ 192 Q after 1 week 0 f 

(3) 1:500 dilution of pooled plasma from mice injected with and , D; 1: i000 dilution of a rabbit antibody 

human PON-1 192Q after 1 week of injection, (4), 1:1000 a . { mQuse pQj^ ^ bbts were ^ washed ^ 
dilution of a rabbit antibody against mouse PON-1 (rabbit 40 pBS containi 0 1% of Tween .20 and incubated for 1 hour 

anti-mouse PON-1: was generated using recombinant mouse ^ antibodies conjugated with HRP. The blots 

PON-1 expressed m E coh at UCLA by Diana Shih and wefe then washed ^ ^ ^ wag ^ the 

Ling-jie Gu, unpublished results). The blots were then E(x techni M shown ^ panel K the 4 . week buffer . 

washed with PBS containing 0.1% Tween-20 and then .. ctcd mic6 did nQt faave antibodies against human P0N _i 

incubated for 1 hour with anti-rabbit IgG secondary anti- 45 fa J ^ , whUe ^ 4 _ week poN,^^^ mice 

bodies conjugated with HRP (Amersham Buckinghamshire, ainst human P0N1 ^ tneir plasma 

UK). The blots were then washed and the image was . 1 B). However, these antibodies did not cross react with 

visualized using the ECL Western blotting detection ^ pQN (panel B) We m nQt detect ^-humm 

reagents from Amersham (Amersham, Life Science, Inc., pQN 4 antibodies ^ ^ pooled plasma of x . week P0N -1- 

Arlington Heights, 111.). 50 (p anel q m shown ^ panel D> a rabbit 

tt cyampi r<; anti-mouse PON-1 antibody detected both the mouse PON-1 

11. tAAMl-LK, an( ^ to a legser extent> ^ human pQN^ 

Exam le 1 11 ^ unu ^ e ty ^at me reduction of PON-1 activities in the 

_. _ j Xam nAi k T 1 a ^ •* • miDim PON-1 injected animals on day 28 is directly caused by the 

Time Course Study of Plasma PON-1 Activity m LDLR KO 55 . , t . J , . „„' „ nk1 1 . t . „„,;»,: A - 

r^^A „„-i nnu.1 10m mteraction between the mouse PON-1 and the antibodies 



Mice Injected with Human PON-1 192Q 



. , T . , T „ , ... . , ,. since the antibodies against human PON-1 did not cross 

Three female LDLR KO mice maintained 1 on chowdiet react ^ ^ mQuse p()N1 ^ §ince ^ human p^ 

were each injected i.m. with 290 units of human PON-1 fa ^ tQ resMe Qn {he same ^ rtides ^ ^ mouse 

1920. Blood samples were collected immediately before the pQ rec ition of the P0N _i containing HDL particles 

injection time 0) and 8, 24, and 48 hours after the mjection. 60 ^ enhance the clearance of these HDL 

Plasma PON-1 activities were then measured using . ary- ^ thus causin ^ removal of mouse P ON-l on the 

lesterase assay. As shown m FIG. 1, the mean plasma PON- 1 £ oarticles 

activity at 8, 24, and 48 hr after injection was 107%, 125%, p 

109% that of time 0 (time 0 vs. 24-hr, p=0.003). Our data Example 4 

indicate that i.m. injection is an effective way to deliver 65 Lipid Levels. 

PON-1 into mice. However, the increases in PON-1 activi- Lipid levels of plasma samples collected at sacrifice were 

ties in these mice were smaller than what we have expected. examined. As shown in Table 1, there were no significant 
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differences in plasma lipid levels between the 4-week high- injected mice. Possible explanations for the low PON-1 

fat plus buffer-injected group and the 4-week high fat-group. activity levels in PON-l-treated mice on day 28 are as 

Interestingly, as compared to the buffer-injected mice, the follows: First, the generation and the titer of antibodies 

PON-l-injected mice had a moderate decrease in both total against human PON-1 192Q in PON-1 injected mice prob- 
cholesterol (p=0.04) and VLDL/LDL cholesterol (p=0.04) 5 ably started late and remained low until the end of the 

levels, a moderate increase in triglycerides (p=0.005), and experiment. Therefore, for most of the time during the study, 

no difference in HDL cholesterol level. Therefore, the PON- the injected PON-1 192Q was effective in preventing LDL 

1-injected mice had a less atherogenic lipid profile as oxidation and, thus, atherosclerosis. Second, if one assumes 

compared to the buffer-injected group. that PON-1 is most effective in preventing the initiation of 

TABLE 1 

Plasma PON-1 activities and lipid levels of LDLR KO mice at sacrifice 



Baseline 329 ± 21 291 ± IS 206 * 17 

4-Week 420 ± 11 332 ± 10 230 * 10 

4-Week 105 ± 6 2315 ± 175 2289 *174 
HF 3 

4-Week 112 ± 9 2213 ± 145 2190 ± 145 
HF 3 + Buffer 

4-Week 56 * 5 1862 * 63 1836 ± 62 



'■Values shown are mean ± S.E. of 9 or 10 animals in each group. The units are 
paraoxonase activity/ml plasma. 

^Values shown are mean i S.E. of 9 or 10 animals in each group. The units are 
3 HF means high fat diet 

30 

Example 5 

Aortic Lesions. 

We then examined the aortic fatty streak formation in 
these mice. Three-month old female LDLR KO mice (10 
mice/group) were either sacrificed at time 0 (baseline 3j 
group), fed the chow diet for 4 weeks (4-week chow), fed the 
high-fat diet for 4 weeks (4-week HF), fed the high fat diet 
plus buffer injections (4-week HF+buffer), or fed the high- 
fat diet plus human PON-1 192Q injections (4-week 
HF+PON). At the end of 4-week treatments, mice were 
sacrificed. The hearts were collected and aortic lesion areas 40 
were scored. For Group 4 (4-week HF+buffer) and Group 5 
(4-week HF+PON), the lesion sizes were scored once in a 
non-blind and once in a blind fashion to avoid bias. The 
scores from both times were very similar. We found no 
significant difference in aortic lesion sizes between the 45 
4-week high-fat and the 4-week high-fat plus buffer injec- 
tion group (FIG. 4). From the non-blind scoring, the mean 
lesion sizes of the buffer injected (Group 4) and PON-l- 
injected (Group 5) groups were 34222+8008 and 
12864+1985 mm 2 /section, respectively. From the blind 50 
scoring, the mean lesion sizes of the buffer injected and 
PON-l-injected groups were 32422+.7470 and 13383+1850 
mm 2 /section, respectively. Therefore, we obtained very 
similar results using either blind or non-blind methods, 
demonstrating that the 4-week high-fat plus PON-1 192Q 55 
injection group had significantly less aortic lesion area than 
both the 4-week high-fat plus buffer-injected group and the 
4-week high-fat group (FIG. 4). The results suggest that 
PON-1 replacement is an effective way to reduce aortic fatty 
streak lesion in the LDLR KO mice. 60 

In summary, it was found that the PON-1 192Q-injected 
mice had elevated PON-1 activities on day 7, and lower 
levels of PON-1 activities on day 28 as compared to the 
buffer-injected mice. However, when aortic lesion formation 
was examined on day 28, a surprizingly large 60% 65 
(approximate) reduction in aortic lesion size was found in 
PON-1 192Q-injected mice as compared to the buffer- 



units of 



atherosclerosis, that is prevention of LDL oxidation and 
therefore prevention of inflammatory response and reduced 
recruitment of monocytes into subendothelial cells 
(Mackness, M. I., el al, supra; Watson, A. D., et al., supra; 
Shih, D. M., et al., "Mice lacking serum paraoxonase are 
susceptible to organophosphate toxicity and 
atherosclerosis," Nature 394:284-287 (1998)), then the 
PON replacement might have been most effective during the 
first 2 weeks of the study rather than the last 2 weeks of the 
study. Therefore, even though PON-l-injected mice had less 
PON-1 activity than the buffer-injected mice at the end of 
the 28-day experiment, they still developed less aortic 
lesions. Those skilled in the art will be able to recognize, or 
be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodi- 
ments of the invention described herein. For instance, 
PON-2 and PON-3 may have antioxidant activity similar to 
that of PON-1, and may be equally useful in the method of 
this invention. Also, other deletion or substitution mutations 
may provide similar functional equivalents. Such equiva- 
lents are intended to be encompassed by the spirit and scope 
of the following claims. 
I claim: 

1. A method of decreasing atheroma formation in a 
mammal comprising administering a pharmaceutically 
effective amount of recombinant PON-1, polypeptide, 
wherein reduction in aortic lesion formation is taken as a 
measure of decreased atheroma formation. 

2: The method of claim 1, wherein said effective amount 
ranges from about 0.1 yOg/kg of body weight to about 100 
mg/kg. 

3. The method of claim 1, wherein said PON-1 comprises 
recombinant human PON-1. 

4. The method of claim 1, wherein said PON-1 comprises 
PON-1 192Q. 

5. A pharmaceutical composition for decreasing atheroma 
formation, comprising administering recombinant PON-1 
protein to a patient in need thereof comprising recombinant 
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PON-l and a pharmaceutically acceptable carrier, wherein ognized by a PON-l-specific antibody, wherein reduction in 

reduction in aortic lesion formation is taken as a measure of aortic lesion formation is taken as a measure of decreased 

decreased atheroma formation. atheroma formation. 

6. A method of decreasing atheroma formation in a g me thod of claim 7, wherein said polypeptide has 
mammal comprising administering a pharmaceutically 5 paraoxonase an( j arylesterase activity and specifically binds 
effective amount of recombinant PON-l DNA, or of a j 

mutein of PON-l DNA having PON-l equivalent function, 9 ^ method of daim ? wherein said polypeptide is ^ 

to a mammal such that factional PON-l is detectable in ^ pharmaceutically acceptable carrier, 

said mammal, wherein reduction in aortic lesion formation 1Q ^ method of ^ wherein gaid d tide is 

is taken as a measure of decreased atheroma formation. 10 .... nnw 1 

7. A method of decreasing atheroma formation in a recombinant human PON-l. 
mammal comprising administering a pharmaceutically 

effective amount of a recombinant polypeptide that is rec- ***** 
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Abstract 



Paraoxonase can hydrolyze paraoxon (PO), chlorpyrifos-oxon (CPO) and other organophosphates. Previous studies 
have indicated that the levels of serum paraoxonase can influence the toxicity of PO and CPO. In the present study 
we have investigated whether exogenous paraoxonase administered to mice would offer protection toward the acute 
toxicity of a phosphorothioate, chlorpyrifos (CPS). Paraoxonase was purified from rabbit serum and injected i.v., or 
i.V. plus i.p., in mice. Inhibition of acetylcholinesterase (AChE) in brain, diaphragm, plasma and red blood cells was 
measured as an index of CPS (100 mg/kg) toxicity. Administration of paraoxonase 30 min before CPS increased plasma 
enzyme activity toward CPO by 35-fold, and protected against its toxicity; protection was still present at 24 h, when 
enzyme activity was still 20-fold over basal. When paraoxonase was given 30 min after CPS, a significant protection 
against CPS toxicity was still observed, while after 3 h the protective effect was decreased. To mimic conditions of 
severe acute poisoning, a higher dose of CPS (150 mg/kg) was also administered. Administration of paraoxonase 30 
min after this exposure abolished cholinergic signs and significantly protected against AChE inhibition. These results 
indicate that exogenous paraoxonase offers significant protection against CPS toxicity when administered both before 
and after the organophosphate, suggesting that it may be considered as a potential additional treatment of organophos- 
phate poisoning. 



Keywords: Chlorpyrifos; Paraoxonase; Acetylcholinesterase inhibition; Organophospate toxicity; Mice 



1. Introduction 

Paraoxonase (EC 3.1.1.2) is an esterase first 
recognized by Aldridge [1] as being able to 
hydrolyze the organophosphate paraoxon (PO) to 
p-nitrophenol and diethylphosphoric acid. Para- 
oxonase is present in several mammalian tissues, 
with liver and blood having the highest activity 
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(reviewed in [2]). In addition to PO, paraoxonase 
can hydrolyze a number of other organophos- 
phates, such as chlorpyrifos-oxon (CPO), pyrimi- 
fos oxon, diazinon oxon, as well as certain aro- 
matic esters such as phenyl acetate [3]. 

Human serum paraoxonase exhibits a genetic 
polymorphism [4], which is inherited according to 
a single Mendelian two-allele trait at a single 
autosomal locus. Three phenotypes of paraox- 
onase have been found in population studies: in- 
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dividuals homozygous for the low activity allele 
(A-type) or for the high activity allele (B-type), or 
heterozygotes (AB-type). The paraoxonase poly- 
morphism has been studied in several populations, 
and a clear bimodal distribution has been found in 
Caucasian populations (reviewed in [2]), with a 
gene frequency of 0.69 for the low activity allele 
and of 0.31 for the high activity allele [5]. The ge- 
netic polymorphism of paraoxonase activity is 
substrate-dependent. In addition to PO, the 
polymorphism is also observed with the oxons of 
methylparathion, chlorthion and EPN (reviewed 
in [2]), but not with phenyl acetate or CPO [5]. In 
addition to qualitative genetic polymorphism, a 
remarkable variation in serum paraoxonase levels 
within a genetic class is also present. Western blot 
experiments have indicated that the variation in 
serum paraoxonase activity corresponds to differ- 
ences in protein levels [6]. 

Human serum paraoxonase has been purified to 
homogeneity [7,8] and evidence suggests that 
human serum contains a single enzyme with both 
paraoxonase and arylesterase activity. Purified 
paraoxonase is a glycoprotein with a minimal mo- 
lecular weight of about 43 000, with carbohydrate 
representing about 15.8% of the total weight [8]. 
Calcium is required for both enzymatic stability 
and catalytic activity [7]. Paraoxonase is very 
closely associated with the high-density lipopro- 
tein (HDL) fraction of serum, suggesting a role for 
this enzyme in lipoprotein metabolism [9]. 

Rabbit and human paraoxonase cDNAs have 
been cloned and sequenced [10,1 1]. The rabbit and 
human cDNA clones are extensively conserved in 
nucleotide and deduced amino acid sequences 
(86% homology). Northern blot hybridization 
experiments have shown that paraoxonase is syn- 
thesized predominantly in liver and Southern blot 
experiments indicate that it is encoded by a single 
gene [10]. Two polymorphic sites have been iden- 
tified in human paraoxonase: Leu/Met at position 
55 and Arg/Gln at position 192, and the polymor- 
phism in enzyme activity has been ascribed to the 
latter [12], with low activity homozygotes (A-type) 
presenting Gin in position 192. cDNAs for mouse 
or rat paraoxonase have not been cloned yet. 

It has long been suggested that paraoxonase 
polymorphism may influence human susceptibility 



to organophosphorus insecticide toxicity [13-15]. 
Animal studies suggest that this may be the case. 
The greater toxicity of organophosphates in birds, 
compared to mammals, correlates with the very 
low levels of serum paraoxonase activity in avian 
species [16]. Rabbits, which have a 7-fold higher 
enzyme activity than rats, have a 4-fold higher tol- 
erance to PO toxicity [17]. Furthermore, adminis- 
tration of exogenous paraoxonase to rats has been 
shown to offer protection against the toxicity of 
PO and CPO [18,19]. 

The present study was undertaken to expand 
these latter findings in another species, the mouse, 
in order to provide additional support for the 
hypothesized significant role played by paraox- 
onase in influencing susceptibility to organophos- 
phate toxicity. In particular, we addressed the 
questions of whether exogenous paraoxonase 
would affect the toxicity of a phosphorothioate, in 
addition to the oxon, and would be useful as a 
therapeutic agent when administered after organo- 
phosphate poisoning. 

2. Materials and methods 

2.1. Animals and chemicals 

All animals used in this study were female 
BALB/c mice (aged 8-10 weeks; body weight 
17-21 g). Animals were housed 5 per cage and had 
water and food ad libitum. Chlorpyrifos (CPS, 
0,0-diethyl-0-(3,5,6-trichloropyridyl)-phosphoro- 
thioate, 98.8% purity) was obtained from Chem 
Services (West Chester, PA). CPO (0,0-diethyl-O- 
(3,5,6-trichloropyridyl )-phosphatei, 96.2% purity) 
was a gift from Dow Chemical Company 
(Midland, MI). PO (diethyl /?-nitrophenyl phos- 
phate, > 99% purity) was obtained from ICN 
Biomedicals Inc. (Plainview, NY). 

2.2. Purification of rabbit serum paraoxonase 
Paraoxonase/arylesterase was purified from rab- 
bit serum (Northwest Rabbit Company, Port Or- 
chard, WA), as previously described in detail [7]. 

2.3. Animal treatments 

Purified rabbit serum paraoxonase in G-75 elu- 
tion buffer (50 /d; 3.34 units of paraoxonase, 41.7 
units of chlorpyrifos-oxonase) was injected i.v. 
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(tail vein) and i.p. as noted for each experiment. 
Control animals received no injections. Blood for 
enzyme assay was drawn from the postorbital vein 
of the eye to assure equilibration of the enzyme 
with the serum. CPO (14 mg/kg) or CPS (100 
mg/kg or 150 mg/kg) was dissolved in acetone, and 
a volume of 20 fi\ was applied to a previously 
shaven 4-cm 2 area on the back of the mice. These 
dosages were chosen on the basis of preliminary 
experiments. Control animals received the same 
volume of acetone. After 4 h blood was withdrawn 
from the postorbital vein, mixed with heparin, and 
kept on ice. Animals were then terminated by cer- 
vical dislocation, and brain and diaphragm were 
rapidly removed on ice. 

2.4. Assay of paraoxonase and chlorpyrifos-oxonase 
activities 

Paraoxonase and chlorpyrifos-oxonase activi- 
ties were determined in plasma by methods 
developed by Furlong et al. [5,20]. The stock assay 
buffer contained 2.0 M NaCl, 0. 1 M Tris-HCl, pH 

8.5, and 2.0 mM CaCl 2 . For the paraoxonase 
assay, 1.2 mM PO in assay buffer was made fresh, 
and 10-15 min of vigorous stirring was required to 
assure maximum and complete solubility. For each 
reaction, 1-10 /d plasma was added to 1 ml PO 
assay solution and initiated at 37°C. The absor- 
bance of /?-nitrophenol was continuously moni- 
tored for 4 min at 405 nm. For the chlorpyrifos- 
oxonase assay, a 30-mM solution of CPO in 100% 
methanol was prepared. The incubation mixture 
contained 1 — 10 /xl plasma and 1 ml stocking assay 
buffer. The reaction was initiated at 37°C by ad- 
ding 10 jd CPO solution to the mixture, and the 
absorbance of 3,5,6-trichloro-2-pyridinol was con- 
tinuously monitored in 2 min at 310 nm. Enzyme 
activity is expressed as units/1 (unit = /*mol PO or 
CPO hydrolyzed/min). Basal levels of paraoxonase 
in plasma from control (untreated) mice were 
238 ± 49 units/1 and 3086 ± 692 units/1, with PO 
or CPO as substrate, respectively (n = 18-20). 

2.5. Acetylcholinesterase (AChE) assay 

Activity of AChE in brain and diaphragm was 
assayed according to the method of Ellman et al. 
[21] as modified by Benke et al. [22]. Plasma and 
red blood cell (RBC) cholinesterase activities were 



determined based on the method of Voss and 
Sachsse [23]. Fresh heparinized blood samples 
were used in this assay. AChE activity is expressed 
as /miol ATC hydrolyzed/min/g of wet tissues or 
ml of blood. In control (untreated) mice, AChE 
activities were: 16.40 ± 0.64 (brain), 3.08 ± 0.09 
(diaphragm), 2.90 ± 0.34 (plasma) and 0.53 ± 
0.06 (RBC) (n = 20). 

2.6. Data analysis 

Student's /-test (unpaired, two-tail) was applied 
to the means of the control and treatment groups 
to determine the significance (P < 0.05) of any dif- 
ferences in AChE activity [24]. Calculations and 
analyses were carried out by using Statview stat- 
istical software. 

3. Results 

Previous studies had examined -the half-life of 
rabbit paraoxonase (3.34 units paraoxonase; 41.7 
units chlorpyrifos-oxonase) injected into mice by 
different routes (i.v., i.p. and i.m.; [25]). Based on 
the results of those studies, 2 types of administra- 
tion were chosen for the present experiments: i.v. 
injection, which elevated mouse serum enzyme ac- 
tivity toward CPO by 35-fold at 30 min with a half- 
life of 6 h; and a combination of i.v. plus i.p. injec- 
tions which still increased enzyme activity toward 
CPO by 35-fold, but also increased the half-life to 
30 h [25]. 

To examine whether the increased serum para- 
oxonase levels would offer protection against 
cholinesterase inhibition caused by CPO, the 
chemical was applied dermally, since this is the pri- 
mary route of exposure to organophosphorus in- 
secticides. In each experiment, 3 groups of animals 
were used: a control group, which received acetone 
only; a CPO group, which received CPO dissolved 
in acetone; and a CPO + CPOase group, which 
was given paraoxonase via i.v. injection, followed 
after 30 min by CPO. Serum paraoxonase activity 
was measured 30 min following enzyme adminis- 
tration, and in all experiments, enzyme activity 
toward chlorpyrifos-oxon (CPOase) was increased 
by 25- to 35-fold. Animals were sacrificed 4 h after 
exposure to CPO. AChE activity in brain, dia- 
phragm, plasma, and RBC was measured as an 
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index of CPO toxicity. At the dose of 14 mg/kg, 
CPO caused significant AChE inhibition in 
various tissues, without causing any significant 
sign of intoxication. AChE activity was signifi- 
cantly less inhibited in mice pretreated with 
purified rabbit paraoxonase than in control ani- 
mals, indicating that i.v. injection of the enzyme 
provides protection from a dermal CPO challenge. 
This protective effect was most pronounced in 
brain and diaphragm, where AChE activity (as % 
of control) was 12 ± 1 and 23 ± 2 vs. 89 ± 3 and 
89 ± 7, respectively (« = 3-6; P < 0.05). The 
effect of administration of exogenous paraoxonase 
on the toxicity of parent compound, CPS, was also 
examined. The experimental design was identical 
to that utilized for CPO. The dose of CPS was 100 
mg/kg, which caused 50-60% inhibition of AChE 
activity in brain without any significant 
cholinergic sign. Intravenously injected paraox- 
onase afforded protection against CPS toxicity in 
most tissues, particularly in brain. In this tissue, 




Brain Diaphragm Plasma FEC 



Fig. 1. Inhibition of AChE activity following dermal exposure 
to CPS (100 mg/kg) in animals which were administered CPS 
alone (solid bars; CPS; n = 4-6) and in animals which were 
preinjected with 6.68 units of paraoxonase i.v. plus i.p. 24 h 
prior to challenge (hatched bars; CPS + CPOase; n = 5-7). 
♦Significantly different from CPS alone, P < 0.05. All results 
are expressed as percentage of control animals (acetone- 
treated) and represent the means ± S.E.M. 



AChE activity (as % of control) was 41 ± 4 vs. 
92 ± 9 (n = 5; P < 0.05). These results confirm 
our previous observations [25]. 

Since the half-life of rabbit paraoxonase given 
by the i.v. plus i.p. route was very long [25], in an 
additional experiment mice were challenged with 
CPS 24 h, instead of 30 min, after the i.v. plus i.p. 
injections of the enzyme. The dose of CPS (100 
mg/kg) was the same as that utilized in the pre- 
vious experiment, but mice were injected with 6.68 
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Fig. 2. Inhibition of AChE activity in the indicated tissues 
following dermal exposure to CPS (100 mg/kg) in animals 
which were administered CPS alone (solid bars; CPS; n = 4-6) 
and in animals which were injected i.v. with 3.34 units of 
paraoxonase 30 min (A) or 24 h (B) after challenge (hatched 
bars; CPS + CPOase; n = 3-5). Results are expressed as per- 
centage of control animals (acetone-treated) and represent the 
means ± S.E.M. *Significantly different from CPS alone, P < 
0.05. 
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units of paraoxonase. CPOase activity at 24 h was 
still 20-fold higher than basal (not shown). As 
shown in Fig. 1, AChE activity in brain and 
diaphragm was significantly less inhibited in mice 
which were treated with paraoxonase 1 day before 
CPS challenge. 

The experiments described above indicate that 
paraoxonase decreases CPS inhibition of AChE, 
when injected either 30 min or 24 h before expo- 
sure to the chemicals. Additional experiments were 
carried out to determine whether paraoxonase 
could still be effective when administered after 
CPS exposure. For this purpose, mice were given 
CPS (100 mg/kg) followed by i.v. injection of 
paraoxonase at different intervals. Cholinesterase 
activity in various tissues was measured 4 h after 
CPS administration. When mice received paraox- 
onase 30 min following CPS exposure, the enzyme 
did prevent the reduction of cholinesterase activity 
in all tissues (Fig. 2A). When paraoxonase was in- 
jected 3 h after CPS, however, there was only a 
protective effect in brain and diaphragm, and no 
effect in plasma and RBC (Fig. 2B). 

The dose of CPS (100 mg/kg) used in the above 
experiments caused significant reductions of 
cholinesterase activity, but no obvious signs of 




Tissue 



Fig. 3. Inhibition of AChE activity in the indicated tissues 
following dermal exposure to CPS (150 mg/kg) in animals 
which were administered CPS alone (solid bars; CPS; n = 3) 
and in animals which were injected i.v. with 3.34 units of 
paraoxonase 30 min after challenge (hatched bars; CPS + 
CPOase, /! = 3). Results are expressed as percentage of control 
animals (acetone-treated) and represent the means ± S.E.M. 
♦Significantly different from CPS alone, P < 0.05. 



cholinergic intoxication. Therefore, a higher dose 
of CPS (150 mg/kg) was selected in the next experi- 
ment to test the effectiveness of paraoxonase under 
conditions of severe acute CPS poisoning. At this 
dose, acute symptoms developed 2-3 h after CPS 
poisoning, including weakness, lacrimation, atax- 
ia, and difficulties in breathing. No signs of CPS 
intoxication were present in mice which received 
i.v. paraoxonase 30 min following CPS exposure. 
A striking protection against cholinesterase inhibi- 
tion was observed in brain and diaphragm (Fig. 3). 

4. Discussion 

The results of these studies indicate that purified 
rabbit paraoxonase injected into mice increases the 
serum activity and protects mice from CPS toxic- 
ity. Paraoxonase was able to prevent the decrease 
in cholinesterase activity when it was administered 
before, as well as after, CPS poisoning. 

There has been substantial speculation about 
the in vivo role of serum paraoxonase in detoxify- 
ing organophosphorus insecticides, however, only 
a few studies with rats have directly approached 
this question [8,19]. Here, we have expanded pur 
initial observations in mice [25]. The advantages of 
a mouse model are that much less purified paraox- 
onase is required for injection than with rats, and 
that the species is ideal for gene transfer studies, 
such as the development of transgenic mice with 
altered paraoxonase levels. The results reported 
here show that the mouse is suitable for these 
studies. 

The parent thioate compounds, such as para- 
thion and CPS, require conversion to oxons to 
become active inhibitors to cholinesterase. The 
thioate compound itself is neither toxic nor a sub- 
strate for serum paraoxonase. Previous studies 
demonstrated that serum paraoxonase provided 
protection against PO and CPO in rats [18,19], 
and in mice [25]. Our results expand an initial ob- 
servation [25], and show that injected rabbit 
paraoxonase provides excellent protection also 
against the toxicity of the parent compound CPS. 

The other distinctive finding of this study is that 
high serum paraoxonase was able to prevent the 
reduction of cholinesterase activity when it was 
administered after CPS exposure. This finding sug- 
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gests that the use of paraoxonase in organophos- 
phate poisoning (possibly in combination with 
other conventional treatments) should be further 
investigated. 

It had been hypothesized that individuals with 
low serum paraoxonase activity would have a 
diminished ability to metabolize the oxygen me- 
tabolites of organophosphates, and therefore 
might be more sensitive to the toxicity of certain 
organophosphates [14,15]. Our finding that levels 
of serum paraoxonase activity could affect the tox- 
icity of CPS, the parent compound applied as an 
insecticide, suggests that epidemiological studies 
may be conducted to test the hypothesis that gene- 
tic variations in serum paraoxonase activity may 
represent a factor in determining susceptibility to 
poisoning by organophosphorus insecticides. 

Raising the serum paraoxonase activity provides 
very effective protection of cholinesterase inhibi- 
tion from CPO and CPS toxicity in brain and 
diaphragm. Particularly in brain, nearly complete 
protection was found if paraoxonase was injected 
30 min after CPS administration. On the other 
hand, the protective effects toward plasma and 
RBC cholinesterase varied. The only significant 
protection in both plasma and RBC was observed 
when paraoxonase was given 30 min after CPS. In 
a recent study, it was observed that another 
organophosphate-hydrolyzing enzyme, phospho- 
triesterase, could not prevent the decrease of 
serum cholinesterase activity caused by PO [26]. It 
has been suggested that the high affinity of 
organophosphates to the serum cholinesterase 
might explain this finding. It should be noted, 
however, that the toxicity of organophosphates is 
primarily due to the accumulation of free acetyl- 
choline in brain and diaphragm, and, therefore, 
the protection of cholinesterase inhibition found 
in these two tissues might be more important than 
in blood. Indeed, in the experiment with a high 
dose of CPS (150 mg/kg), paraoxonase alleviated 
the signs of cholinergic intoxication. 

The traditional therapy for organophosphate 
poisoning consists of a combination of drugs such 
as atropine and oxime given after exposure. 
Recently, another suggested approach in the treat- 
ment of organophosphate intoxication has been 



the use of exogenous enzymes as pre-treatment 
drugs [27]. Compared to the combination of anti- 
muscarinics and reactivators, the pre-treatment 
with exogenous enzymes may alleviate certain side 
effects, such as tremors and convulsions. Different 
kinds of exogenous enzymes have been examined 
for their effectiveness against organophosphate 
toxicity. Cholinesterase has been shown to be 
capable to sequester organophosphates and reduce 
their toxicity [28]. Organophosphate-hydrolyzing 
enzymes, like paraoxonase or phosphotriesterase, 
which are able to degrade a wide variety of 
organophosphates, have also protective effects 
[19,26,29; this study]. 

It may be expected that organophosphate- 
hydrolyzing enzymes would be much more effec- 
tive in protecting from organophosphate toxicity. 
The protection of cholinesterase against organo- 
phosphates is via the formation of 1:1 stoichio- 
metric covalent conjugates with the toxic agent. 
The exogenous cholinesterase is inactivated when 
it binds to the organophosphate compound, and 
thus a large amount of cholinesterase will be need- 
ed to obtain the significant protection. In contrast 
to cholinesterase, both paraoxonase and phos- 
photriesterase are able to catalytically detoxify 
their organophosphorus substrates over a short 
time period using small quantities of enzyme. As a 
treatment for organophosphate poisoning, serum 
paraoxonase has some advantages compared with 
other enzymes. The purification procedure of 
serum paraoxonase has been developed, and pure 
paraoxonase can be readily prepared in sufficient 
quantities. Serum paraoxonase is also very stable 
during storage in the presence of calcium ion. 
Since the rabbit and human paraoxonase cDNAs 
have been cloned and sequenced, it should be pos- 
sible to develop a recombinant system to produce 
paraoxonase in an economical way. According to 
our results, the half-life of exogenous paraoxonase 
in mouse circulation is very long, more than 30 h 
when administered by i.v. plus i.p. injection, and 
more than 50 h when given by i.v. plus i.m. injec- 
tion [25]. Since serum paraoxonase is able to 
hydrolyze a wide variety of organophosphates, in- 
cluding insecticides, and the nerve agents soman 
and sarin, with a relatively high turnover number, 
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this enzyme should be considered as a potential 
additional treatment for organophosphate poi- 
soning. 
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potent cholinesterase inhibitors, accounting for their had lower diazoxonase activities (mean=7948 U/1) than 
use as insecticides and, unfortunately, also as nerve QQ homozygotes (mean=12,318 U/1). Average rates of 
agents. Each year there are approximately 3 million diazoxon hydrolysis (10,619 U/1) were somewhat higher 
pesticide poisonings world-wide resulting in 220,00 than the rates of chlorpyrifos oxon hydrolysis (8233 U/1), 
deaths 1 " 2 . In 1 990, there were 1 .36 million kg of suggesting that on average, humans may be better able 
Chlorpyrifos, 4.67 million kg of diazinon and 1 .23 mil- to detoxicate diazinon than chlorpyrifos or parathion. 
lion kg of ethyl parathion manufactured in the USA We also observed an increased frequency for the R 192 
(data supplied by the USEPA). In addition to expo- allele (0.41 ) in this Hispanic population compared with 
sure risks during pesticide manufacturing, distribu- a frequency of 0.31 observed in populations of North- 
tion and use, there are risks associated with the em European origin 18 . This results in approximately 
major international effort aimed at destroying the 16% of individuals of Hispanic origin being homozy- 
arsenals of nerve agents, including soman and sarin, gous for the R 192 PON 1 isoform compared with only 
The United States has pledged to destroy approxi- 9% of individuals of Northern European origin 8 ' . 
mately 25,000 tons of chemical agents by the end Following the March 1 995 release of sarin in the Tokyo 
of the decade 3 . The high density lipoprotein (HDL)- subway, we examined the effect of the PON 1 polymor- 
associated enzyme paraoxonase (PON1 ) contributes phism on soman and sarin hydrolysis, as PON 1 is the 
significantly to the detoxication of several OPs (Fig. only enzyme from humans known to hydrolyse the 
1) The insecticides parathion, chlorpyrifos and diazi- phosphorus-fluorine bond of these very toxic nerve 
non are bioactivated to potent cholinesterase agents 6 . It is dear that the effect of the polymorphism is 
inhibitors 4 by cytochrome P-450 systems 5 . The reversed for both of these compounds, especially sarin 
resulting toxic oxon forms can be hydrolysed by (Fig. Id, e). The mean value for sarin hydrolysis was only 
PON1 which also hydrolyses the nerve agents 38 U/l for the R 192 homozygotes compared with 355 U/1 
soman and sarin 6 (Fig. 1). PON1 is polymorphic in for the Q 192 homozygotes (Table 1 ). The ranges of values 
human populations and different individuals also for hydrolysis of each of the PON1 substrates are also 
express widely different levels of this enzyme 7-9 . The shown in Table 1 . 

Ara.op (R, q2 ) PON1 isoform hydrolyses paraoxon These results help to explain the large individual dif- 
rapidly, while the Gln 192 (Q 191 ) isoform hydrolyses ferences in sensitivity to OP insecticides processed 
paraoxon slowly 6 ' 10 . Both isoforms hydrolyse chlor- through the P-450/PON1 pathway or hydrolysed direct- 
pyrifos-oxon 8 ' 9 and phenylacetate 6 ' 7 ' 9 at approxi- ly by PON) . As the dose response curves for OP toxici- 
mately the same rate. The role of PON1 in OP ty are very steep 12 , a small percentage difference in 
detoxication is physiologically significant 11 " 15 . Inject- metabolic rate can represent a significant difference in 
ed PON1 protects against OP poisoning in rodent OP sensitivity. In this light, it is important to note that 
•Departments of model systems 12 " 15 and interspecies differences in we found in earlier studies that newborns have very low 
Genetks. prjNI activity correlate well with observed (E=lan levels of PON1 l9 , leading to the prediction that new- 

^Medicine-Division |etha) doge q_q a values 8 ' 1 1 ' 16 . We report here*rslm- boms are probably significantly more sensitive than 
of Medical Genetics enzyme analysis that provides a clear resolution adults to OP compounds processed by PON 1 . Increased 
of PON1 genotypes and phenotypes allowing for a sensitivity to OPs has been observed in newborn rats' 1 ■ . 
reasonable assessment of an individual's probable In addition to playing a major role in OP detoxica- 
susceptibility or resistance to a given OP, extending tion, the PON 1 polymorphism has been recently impli- 
— -, 4 earlier studies on this system. We also show that the cated in another important area of human health. 

Washington, Seattle, effect Qf the p0N1 p 0 | ymor phism is reversed for the Watson et al. 12 demonstrated that PON 1 destroys bio- 
Washington 98195- h Qf djazoxon> soman and especially sarin, logically oxidized phospholipids, while other investiga- 

<mAMMCD thus changing the view of which PON1 isoform is tors have shown that the R 192 allele represents a risk 
Merdeen considered to be protective. factor for coronary artery disease 23 ' 24 . These studies sug- 

Maryland, USA In the course of evaluating the PON 1 status of farm gest that the same considerations given to the determi- 

workers prior to pesticide exposure during the growing nation of both PON1 genotype and phenotype (PON 1 
Correspondence season) we also determined the rates of diazoxon hydro!- status) relative to OP sensitivity will also be important 
shouldbeaddressed the actjvity distributions for the three f or stu dies on the role of PON1 in vascular disease. 

ImZtclem® substrates, chlorpyrifos oxon, phenylacetate and dia- These studies underline the importance of examining 
uwashington.edu zoxon, against the rates of paraoxon hydrolysis, we were the effects of polymorphisms on each substrate or 
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Fig. 1 P0N1 -associated 
biodegradation of parathion, 
chlorpyrifos (Dursban®), 
diazinon, soman and sarin. 



inhibitor of physiological importance. A single amino 
acid mutation in acetylcholinesterase has been demon- 
strated to cause a reversal in sensitivities of leaf hoppers 
to specific OP insecticides 25 . Reversal of sensitivity to 
inhibitors by single amino acid changes have also been 
observed in plant 26 and viral 27 systems. The effect of the 
P0N1 polymorphism on sarin hydrolysis illustrates how 
dramatic the reversal of the effect of an enzyme poly- 
morphism can be. 



Methods 

Human subjects. Plasma (heparin) from 92 individuals of 
Hispanic origin were drawn via venipuncture with informed 

Enzyme assays. Hydrolysis rates of paraoxon 8 , phenylacetate 28 
and chlorpyrifos oxon (CPO) 8 were determined as described. 
Rates of diazoxon hydrolysis were determined by a continuous 
spectrophotometric assay developed in our laboratory (RJ.R. 
and C.E.F., manuscript in preparation) based on published 



a ]™ 

f eooo 








b 2 

| : 






SOO 1000 1500 2000 2500 3000 


c 25000 









r .: 



Fig. 2 Population distribution plots of: a, chlorpyrifos-oxonase vs. 
paraoxonase; b, arylesterase vs. paraoxonase; c, diazoxonase vs. 
paraoxonase (n = 92, a-c); d, somanase vs. paraoxonase (n = 75); 
and e, sarinase vs. paraoxonase (n = 78). O = QQ individuals 
(Gln 192 homozygotes), ■ = QR individuals (heterozygotes), and 
A = RR individuals (Arg 192 homozygotes). Genotype assignments 
were made from (c). 
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Table 1 Ranges of PON substrate activities in human s< 



121-2786" 
121-532 9 
653-1 41 8 h 
1237-2786" 



Range Mean ± S.D. 

2174-23316 b 10619 ± 3207 

21 74-2331 6 e 12318 ±3748 

5903-1 627 h 10426 ±2302 
5400-1 1193 k 7948 ±1712 

Paraoxonase" (U7L) 
Range 



Range 
0-758 c 
0-758' 
0-541' 
0-1 44' 



Range Mean ± S.D. 
2415-13540 b 8233 ± 1908 



2415-11101' 
5134-11160 h 
7480-1 3540 k 



7484 ± 18' 
8152 ±1519 
9794 ± 2001 



Somanase 3 (U/L) 
Range Mean ± S.D. 
616-2982 d 1658 ±660 
870-29829 2143 ±576 
616-2815* 1518 ±558 
754-1 61 6 m 992 ±263 

Arylestetase" (U/ml) 
Range Mean ± S.D. 



^Assays are described in Methods. »n = 92, c n = 78, "n = 75, e n = 33, <n = 28, 9 n = 26, "n = 41 , >n = 38, in = 
38, k n = 18, 'n = 12, m n = 11. All = all individuals in study, QQ = Gln 19 , homozygotes, QR = heterozygotes, 
RR = Arg 191 homozygotes. 



spectral data 29 ' 30 . The incubation mixtures contained 0.1 M 
Tris-HCI, pH 8.5, 2.0 M NaCl, 2.0 mM CaCl 2 , 500 uM diazox- 
on, and 5 ul of plasma in a volume of 1 ml at 24 °C. 
Appearance of 2-isopropyI-4-mcthyl-6-hydroxy pyrimidine 
(1MHP) was continuously monitored at 270 nm in a Beckman 
DU-70 spectrophotometer. The reaction was initiated by addi- 
tion of plasma. 

Hydrolysis rates of sarin and soman were determined at the 
USAMRICD Facility with a titrimetric procedure, using a 
Radiometer TTT80 pH-stat and an ABU80 autoburette. 3 ml of 
1 mM soman or sarin in 1.0 M NaCl with 2.0 mM CaCI 2 were 
added to a temperature-controlled reaction vessel fitted with a 



capillary delivery tube from the autoburette, and the back- 
ground hydrolysis rate was monitored for several minutes. 
Then, 50 pi of plasma were added and the resulting hydrolysis 
rate monitored at 25 °C. The background rate was subtracted 
from the sample hydrolysis rate. All samples were measured in 
triplicate. 
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[57] ABSTRACT 

The present invention provides a mammalian artificial chro- 
mosome (MAC), comprising a centromere and a unique 
cloning site, said MAC containing less than 0.1% of the 
DN A present in a normal haploid genome of the mammalian 
cell from which the centromere was obtained. The invention 
further provides a MAC. wherein the unique cloning site is 
a nucleic acid sequence encoding a selectable marker. The 
invention also provides methods of preparing a MAC. In 
addition, the invention provides methods of stably express- 
ing a selectable marker in a cell, comprising introducing a 
MAC containing the selectable marker into the cell. The 
invention also provides a cell containing a MAC expressing 
an exogenous nucleic acid sequence and a transgenic mam- 
mal expressing a selectable marker. 

17 Claims, 3 Drawing Sheets 
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1 2 

MAMMALIAN ARTIFICIAL predictable amount of a gene product. Thus, a need exists for 

CHROMOSOMES AND METHODS OF USING vectors mat can contain large fragments of DNA and that are 

SAME stably maintained in mammalian cells. The present inven- 
tion satisfies this need and provides related advantages as 

This invention was made with government support under 5 well. 

GM 23241 and GM 18835 awarded by the United States SUMMARY OF THE INVENTION 

Public Health Service. The government has certain rights in >jo . , 

mis invention ^ F esent invention provides a mammalian artificial 

This application claims the benefit of priority of U.S. chromosome (MAC) comprising a centromere and unique 

Provisional Application No. 60/039,256. filed Oct. 3 1. 1995, w cloning site, said MAC containing less than about one-tenth 

which was converted from U.S. Ser. No. 08/550,717, now <* °«* P««* of ^ £jf.ff ™ * nMmal 

abandoned, the entire contents of which is incorporated haploid mammalian genome from which the centromere was 

herein by reference obtained. The invention further provides a MAC. wherein 

the unique cloning site is a nucleic acid sequence encoding 
BACKGROUND OF THE INVENTION 15 a selectable marker. For example, the invention provides a 
i rr.„iA „f a. T n „» n *i™ MAC having a centromere from human chromosome 1 and 
L Field of the Invention a nucleic add molecule encc^mg a subunit (designated 
The present invention relates generally to mo ecular biol- ^ ^ of lex n rf me mitochondrial electron transport 
ogy and molecular genetics and more specifically to mam- ^ ^ MAC Jess man about Q Q5% of 
malian artificial chromosomes. ^ ^ DNA normally present in a haploid human genome. 
2. Background Information The invention also provides methods of using a MAG For 
The ability to clone and express nucleic acid molecules example, the invention provides methods of stably express- 
has resulted in the identification of numerous genes and gene | n g an exogenous nucleic acid molecule in a cell, comprising 
products. As a result of the identification of various genes, introducing a MAC containing the exogenous nucleic acid 
molecular differences between normal and diseased condi- 25 mo iecule into the cell. The invention also provides a cell 
tions are beginning to be recognized. For example, in containing a MAC expressing an exogenous nucleic acid 
various disease conditions such as Duchenne muscular dys- sequence and a transgenic mammal expressing a selectable 
trophy (DMD), cystic fibrosis and some forms of cancer, marker. ' , 
mutations in particular genes appear to be the basis for the nPSPRTPnON OF THF DRAWINGS 
underlying pathology. In DMD. for example, a mutation in M BRIEF DESCRIPTION OF THE DRAWINGS 
the dystrophin gene can result in the formation of only part FIG. 1 illustrates targeting vectors for introducing a loxP < 
of the dystrophin protein, which functions abnormally and site, which is a target sequence recognized by the bacte- 
comtibutes to the characteristic signs and symptoms of riophage PICre recombinase, into MAC-8.2.3. FIG. 1A i 
DMD. shows a targeting vector containing two loxP sites ("loxP 
The identification of a molecular defect as the cause of a 35 site") flanking the neomycin resistance gene ("neo^ gene"), 
particular disease suggests possible approaches for amelio- which contains the ATG start codon and the neogene pro- 
rating the disease at the molecular level. Gene therapy, in moter (located between the 5' loxP site and the ATG 
particular, holds the promise of correcting a pathology such sequence). Flanking the loxP sites are genomic DNA 
as DMD by introducing a normal dystrophin gene into the sequences of the human CH-3 gene; the darkly stippled bar 
muscle cells of an individual suffering from DMD. 40 indicates the CH-3 promoter and the hatched bars indicate 
Unfortunately, the specific molecular defect has been iden- CH-3 gene exon or intron sequences. Outside of the CH-3 
tilled in only a handful of diseases. In addition, some genes gene sequences is the HS V-tk gene, which is lost following 
such as the dystrophin gene contain over one million base homologous recombination of the vector into the CH-3 gene 
pairs and. therefore, are too large to be conveniently trans- present on MAC-8.2.3 (see FIG. IB), 
ferred from one cell into another using currently available 45 FIG. IB shows the targeting vector of FIG. 1A following 
technology. homologous recombination into the CH-3 gene present on 

It has been proposed that the identification of every gene MAC-8.23. 

in the human genome will provide insight into the media- FIG. 1C shows the integration site as illustrated in FIG. 

nisms responsible for many diseases. Thus, the Human IB following excision of the neo gene by the Cre recombi- 

Genome Project was initiated to develop a linkage map for 50 nase. Following Cre recombinase action, a single loxP site 

each of the twenty-three pairs of human chromosomes and, remains in MAC-8.23. 

ultimately, to obtain the nucleic add sequence of the entire FIG. ID illustrates a second targeting vector, which can 

human genome. However, a structural description, alone, of insert into a loxP site such as that shown in FIG. 1C. The 

the human genome is not likely to be sufficient to allow, for circularized vector contains a single loxP site, which can 

example, an understanding of the mechanisms of gene 55 insert into a loxP site present in a MAC due to Ore 

regulation, which can depend on DNA regulatory elements recombinase activity. The vector contains an exogenous 

that are located thousands of base pairs or more from the nuddc add sequence ("cDNA") and the promoterless open 

regulated genes. reading frame encoding the neo gene product ("neo R (ORF) 

Currently available mammalian vectors such as retrovital "). Following insertion of the vector into a loxP site such as 

vectors can harbor, at best, DNA fragments containing up to 60 that shown in FIG. 1C. a didstronic transcript (cDNA-neo) 

about ten thousand nucleotides. In comparison, yeast vectors is produced; expression of the transcript is from the CfI-3 

such as yeast artificial chromosomes (YACs) can harbor promoter present in MAC-8.23 (see FIG. IE). The construct 

DNA fragments having a few hundred thousand nucleotides. also contains an internal ribosome entry site ("IRES"), 

However, such YAC vectors are not stable in mammalian which allows translation of the neo open reading frame in 

cells and. therefore, cannot be used, for example, as vectors 65 the didstronic transcript, and a polyadenylation site ("poly 

for gene therapy, which, ideally, would be stably maintained (A)"), which allows polyadenylation of the didstronic tran- 

in a cell from generation to generation and would express a script 
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^e^Utor metMof codons ("ATG") ^^S^n^^^C^ 

andSTOPcodonsCTAG^alsoareshown. f^ol (S 3L S^s ATCC Accession No: ATCC 

FIG. 2 provides a schematic representation of the 5 \ ^ ^^dce. the MAC present in the cell 

genomic CH-3 DNA sequence cloned in pJOS2. Tntron-A ava jiable as ATCC Accession No: ATCC CRL 1 1992 is 

(SEQ ID NO: 3), "Exon-A" (SEQ ID NO: 4) and "Intron-B tQ herdn ^ MAC . 8 . 2 . 3 . 

(SEQ ID NO: 5) are indicated. "X" (SEQ ID NO: 6) and IT A MAC rf ^ inventi(m ^ defined . in part, by having a 

(SEQ ID NO: 7) also are indicated. "pJOS2.Rev (SEQ ID ^ exc i u ding the centromere, that is less than about 0. 1% 

NO: 8), "pJOS2.T7" (SEQ ID NO: 9). HuQPSl.Forwl" io rf DN A present in a normal mammalian haploid genome, 

(SEQ ID NO: 10) and "HuQPSl.Rev3" (SEQ ID NO: 11) ^ mainmalian genome being that genome from 

indicate the location of primers and the associated arrows which ^ ceu^omere is obtained. For example, MAC-8.23 

indicate the direction of synthesis from the primer. "Hatch- is defined in terms of a human genome because the cen- 

ing" indicates that the length and sequence of the genomic tromere of MAC-8.23 was obtained from human chromo- 

DNA has not yet been determined. The subclone is shown is some L A numan haploid genome contains about 3.3x10* 

with the 5'-end at the left and the 3'-end at the left, with base pairs of DNA Thus, a MAC having a — 



respect to the coding sequence of Exon-A(see SEQ ID NO: obtained from a human genome contains a centromere and 

l).^isarmroximatelyto S cale.e X ceptforsizeandposition less than about 33 million base r^s MAC-8.23. for 

of the hatched regions example, contains a centromere and, m addition, about 1-2 

of the hatched regions. ^ ^ rf on ^ ^ flan]dng ^ cen _ 

DETAILED DESCRIPTION OF THE tromere. U is recognized, however, that, while a MAC is 

INVENTION defined as having a size that is less than about 0.1% of a 

The present invention provides a mammalian artificial normal mammalian haploid genome, the MAC can be used 

chromosome (MAC), comprising a centromere and a unique as a vector and, therefore, can contain inserted DNA 

-WMAcTntaimng less than 0.1% of the * sequences that can be several . mfilron ase ^ - 

DNA present in a haploid mammalian genome normally Methods for estimating the size of a putative MAC are 

cStaiK rAecen™e.Themventionfurther P rovidesa known in the art (see, for example, Canne et al., supra, 

MAr wherein the unique cloning site is a nucleic acid 1986). 



electron transport chain. As disclosed herein, a mutation in 40 ^ - , , , 

SlaSvisteto.drf«<oftteCn-3siil» n itotcon ¥ lex « For pu"P°>es rf the pmsent invenuon. a cenmanere is 

dcnaencyisnueionoeiccioi vji t identltol by „, tmcOrn of providing smble segregation 

As nseu herein the term •■mamniali.n ardfiehd chrome- *ning eell division of a nucleic add sequence Bntod » the 

SosTor «^SS5SSKl«C can be propmed rrdrosb of ^^^L'Snt.S^ 

ST any marrnrLdian chromosome, including a human. natkatoaMACcanbe.ten^l* d^ 

^rLvtoTcS; ocrdnc or other mammalian chro- containing (he MAC has die diaracterisrics conferred by die 

ST^uc. asTunTciro~ 1 as piffled markar. Selectable markers me described in greater derail 
herein 65 Delow - 

A Chinese hamster cell line. XEW8.23, which is a host As used herein, the term ^ostceU" is used broadly to 
«Ufo7a MlcSing a human chromosome 1 centromere mean a cell containing a MAC XEW8.3.2 is an example of 
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a host cell. In general, a host cell is useful far maintaining Various types of regulatory elements are available and are 

a MAC and is a convenient "vessel" for manipulating the selected based on the particular purpose for which a MAC 

MAC. For example, an exogenous nucleic acid molecule can is being constructed. A promoter element, for example, can 

be introduced into a MAC by transfecting the host cell be constitutive such as the cytomegalovirus promoter or 

containing the MAC with the nucleic acid sequence under 5 Rous sarcoma virus promoter, or can be inducible such as 

conditions that allow the exogenous sequence to be inserted the metallothionein promotor. In addition, a promoter can be 

into the MAC. An exogenous nucleic acid sequence can be a tissue specific promotor such as the myoD promoter, which 

inserted into MAC-8.23, for example, by homologous is expressed only in muscle cells, or the lck promoter, which 

recombination of a targeting vector containing the sequence is expressed only in T cells, or can be a promoter that is 

with the Cn-3 gene present in MAC-8.23. active only during a particular stage of development. 

As used herein, the term "exogenous nucleic acid Similarly, enhancers can be constitutive or inducible or like 

sequence" when used in reference to a MAC means a the SV40 enhancer, can be consutotively acuye and, in 

nucleotide sequence that is not normally present on the addition, <f* «* ^"ced *> a higher evel of activity. Such 

T „ t , tarm % „^„„„„„ 0 „ , • - A gene regulatory elements and translation regulatory ele- 

MAC. In contrast, the term endogenous nucleic acid ^ * > ^ synthesized 

^ means a nucleoli dequeues normafiy prese nton 15 q{ ^ of ^ ^ puj . 

the MAC. Inus, the human Cll-3 gene, which is normally ^ yectQrs from commer cial sources, 

present in a pericentric location on human chromosome 1, * ^ . & characterized( m part , by containing a ^que 

an example of an endogenous nucleic acid sequence m± c ^ M used ^ ^ tefm ^ clonin ^ 

reference to MAC-8.2.3 (see, for example, SEQ ID NOS: means 6 a nuc i e ic acid sequence that can be targeted for 

3-7). Any other nucleic acid sequence that, for example, is ^ insertion of ^ ex0 g en ous nucleic acid sequence. As dis- 

inserted into the CII-3 gene sequence on MAC-8.23 is c i ose d herein, a unique cloning site can be. for example, a 

considered an exogenous nucleic acid sequence. specific target site such as the loxP sequence, which is a 

An exogenous nucleic acid sequence can be a fragment of target for the Cre recombinase, or an FLP site, which is a 

genomic DNA, which can be prepared from intact genomic target for the FRP recombinase (see below). The presence of 

DNA by physical disruption using, for example, irradiation 25 such a cloning site in a MAC allows the site specific 

or sonication or by chemical cleavage using, for example, a integration of an exogenous nucleic acid sequence into the 

restriction endonuclease such as a rare cutting endonuclease MAC. 

that cleaves genomic DNA at relatively few sites. A popu- A unique cloning site also can be a nucleic acid sequence 

lation of MACs containing diverse fragments of genomic encoding a gene product provided the nucleic acid sequence 

DNA prepared from a particular cell type can constitute a 30 is present in a single copy on the MAC. As disclosed herein, 

genomic library, which can be screened, for example* to the human CII-3 gene present on MAC8.23 is an example 

identify fragments containing particular genes of interest of an endogenous, single copy gene useful as a cloning site. 

Since a MAC can contain a fragment of genomic DNA If desired, an exogenous nucleic acid sequence can be 

having several million base pairs, such a genomic library can cloned into such a single copy nucleic acid sequence present 

contain, for example, a complex > genetic locus, thereby 35 on the MAC using, for example, methods of homologous 

providing a model system useful for identifying the regula- recombination as disclosed herein. For example, where an 

tory regions such as enhancers or silencers that are involved exogenous nucleic acid sequence is cloned into the CII-3 

in regulation of gene expression from the locus and the gene present on MAC8.23, the exogenous nucleic acid 

regulatory factors that bind to such regions. Thus, a MAC is sequence is linked to targeting sequences comprising a 

useful as a cloning vector and provides the additional 40 portion of the CII-3 gene. 

advantage that very large fragments of DNA on the order of As used herein, the term "portion of a nucleic acid 

several million bases can be cloned into and maintained in sequence of a human CII-3 gene" means a nucleotide 

the MAC. sequence of the human CII-3 gene that is of a sufficient 

An exogenous nucleic acid sequence also can be inserted length to allow specific hybridization of the sequence to an 
into a MAC for the purpose of being expressed. Such an 45 endogenous human CII-3 gene. Specific hybridization can 
exogenous nucleic acid sequence can be, for example, a be identified by performing routine hybridization reactions 
particular gene such as the gene encoding dystrophin; or can with a selected nucleotide sequence of the CII-3 under 
be a cDNA, which encodes a gene product; or can be a stringent hybridization conditions. Generally, such a nude- 
sequence that, when expressed, is complementary to a otide sequence is at least about 14 nucleotides in length. In 
nucleic acid of interest and acts, for example, as an antisense 50 addition, since specificity increases with increasing length of 
molecule, which can hybridize to a particular DNA or RNA a sequence, a nucleotide sequence that is at least about 18 
sequence, or acts as a ribozyme, which can hybridize to and nucleotides in length can be particularly useful as a targeting 
cleave a particular RNA. Thus, a MAC also can be useful as sequence. Furthermore, it is well known that the efficiency 
an expression vector and provides the additional advantage of homologous recombination increases with the length of 
that it is stable through numerous rounds of cell division. 55 the targeting sequence. Thus, targeting sequences of at least 

An exogenous nucleic acid sequence also can include a about 100 nucleotides and up to several kilobases can 

regulatory element involved in the regulation of gene provide relatively high efficiency of insertion of an exog- 

expression or of translation of a transcript Such regulatory enous nucleic acid sequence into a particular locus. Such 

elements such as a promoter, enhancer, silencer, polyade- targeting sequences can be selected, for example, from the 

nylation signal sequence, ribosome entry site, signal peptide 60 genomic CII-3 sequences disclosed herein as SEQ ID NOS: 

encoding sequence, nuclear localization signal encoding 3, 5, 6 or 7. Such a sequence also can be selected from SEQ 

sequence and the like are well known in the art and can be ID NO: 4, which is an exon of the CII-3 gene, or can be 

inserted into a MAC, as desired, using well known methods selected from nucleotide sequences of the CH-3 cDNA (SEQ 

of recombinant DNA technology (see, for example, Kriegler. ID NO: 1). Using methods as disclosed in Example JL 

Gene Transfer and Expression: A laboratory manual (W.H. 65 additional sequences of the human CII-3 gene can be 

Freeman and Co., New York; 1990). which is incorporated obtained, thereby providing substantially longer targeting 

herein by reference). sequences useful in the invention. 
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cseudoeenes (sef Example H) and the high degree of require the availability of a mutant cell. These and other 

different spec.es » - toCta** d /^ri»-7«»«,J <C»ld Spring Harbor 

SC«^"alT^t^~ '° I^ftess 198« ^ ? is Stated M b y 

of a targeting vector can be minimized, for example, by reference; see pages 16.9-16.15). 

SciaSng ncicoding senue.ce, sod, as udron sequences in In addition, a selecridde -ute can ^»^f« 1 u ^ 

such nonsp^iflc mseruons ^De lunone g visualized by its fluorescence; the luciferase gene, which, 

cTkdCk uiereofin the ability of host cells containing the M its luminescence; and ^galactosidase Ogal) , which, when 

Cc to s^vfve under selective conditions. In addition, * contacted with its substrate, produces a ^ac^c colo, 

non^edfi insertion can be identified, for example, by Such selectable markers are well known in thejt ^e 

nonspcc . . Liw,MS«h«n nucleic acid sequences encoding these markers are commer- 

^^SSS^Z^^2S£ thehun^Cn^genewassele^ 

Aaffte ^can idenS among a population of cells 30 that have a mutation in the CH-3 gene. Although the 

tl t 21 the marker. Thus, aTell containing a ^°™°™?^*f^^%^^ s 

MAC expressing a selectable marker displays a phenotype etal., ^ *»K ^39* VsSfSbSfe 

that the cell did not display prior to expression of the et aL, Soma t. CeU Mot. Genet. 381-391 (1988) which n 

^wtahle marker A selectable marker can be a positive incorporated herein by reference), prior to the present dis- 

SSows SSn of a cell £ntain- 35 closure that the defect in the host 

w the marker or can be negative marker, which kills a cell, due to a mutation in the CH-3 gene and that the defect is 

ZKSitaSo"Sl indirectly by its complemented by a normal humanCn-3 gene present on the 

T^TJn^T^cncc is made herein to a rninichromosorae 1 Ae minichromosome was not consid- 

MAC containing a selectable marker, since a MAC contain- ered useful as a MAC. 

InVsuch a unique cloning site is exemplified. It should be 40 MAC-8.2.3 was ^"^SX^ fS^ 

recognized, however, that a MAC of the invention is blasts that arc ^^^f.^^^ <^JJ 

rharacterized. in Dart, bv containing a unique cloning site activity (Scheffler, /. CeU. PhystoL 83.2iy--UU V»i+h 

SSt^ecUb^mitek one embodiment of a unique Soderberg et aL. Cell 10:697-702 (1977) «tch of which is 

^LTa^tZ incorporated herein by reference). The SDH-deficient ham- 

^S^vm^c a c^W»*^<«9^^ 45 ster cells, designated CCL16-B9 are the = host ceUs that 

lenetic defecTTa mutant ceU, such that the cell attains a galactose is substituted for glucose, 

wild type phenotype. The use of such a selectable marker Succinate dehydrogenase is part of complex n of the 

reauiresthat a mutant cell type is available, such that a mitochondrial electron transport chain, finking the reactions 

nXfceU contaMng a MACcan be identified by expres- of the tricarboxylic acid cycle to oxidative phos^oryktioa 
Son of the marker. A diseased cell such as a muscle cell 55 This complex consists of four polypeptide suburuts: a 70 

easing a mutant dystrophin gene in a muscular dystro- kiloDalton (kDa) flavoprotem (FP , a 27 kDa iron- 

Dhy patient is another example of a mutant cell. Thus, a containing protein (IP), and twosmaU integral membrane 

nornK/stroVhin gene canbe a selectable marker, which, anchor proteins (CH-3 and CH-4; 15 and 7-9 kDa. 

w^ntioSuigaMACmtomeimtantmusclecelL respectively). Each subunit is encoded by a nuclear gene 
resuTts inTe previously mutant muscle cells attaining a so (SDH-1, SDH-2, SDH-3 and SDH-4, respectively) in 

™f, ™ ™ nhenotvoe eukaryotic cells. While an FP-IP complex, alone, can be 

"Tf^rtX eSow a cell to survive in the dSate* from the innex mitc^ondrM membra- by 

ore7en« Tof TtoZZS* otherwise would kill the celL Such chaotropic ions and assayed for succinate dehydrogenase 



^pSlrror^my^ ZttSSZl " ^assembly of a fitnotfonal complex n and 

selectable marker such as the Herpes simplex virus thymi- SDH activity. 
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In order to identify the genetic defect in the CCL16-B9 
hamster cells, somatic cell fusions were made between the 
mutant hamster cells and human cells and two independent 
primary (human x hamster) hybrids, XJM12.1.2 and 
XJM12.1.3, that grew in galactose-contaMng medium were 
obtained (Mascarello et aL, supra, 1980). Secondary hybrids 
then were selected by fusing heavily irradiated XJM12.1.3 
cells with the original mutant Chinese hamster CCL16-B9 
cells and again selecting for cells that grew in galactose- 
containing medium (respiration competent hybrids; see Car- 
ine et aL, supra, 1986). 

Examination of the primary and secondary hybrid cell 
lines revealed the presence of a single human minichromo- 
some consisting of a centromeric fragment of human chro- 
mosome 1 (Carine et aL, supra. 1986; Carine et al., supra, 
1989). Hybrid cells retaining an apparently intact human 
chromosome 1 also were examined. Spontaneous loss of the 
intact chromosome 1 resulted in loss of SDH activity and 
reversion to the respiration deficient condition; spontaneous 
segregation of the human minichromosome 1 has not been 
observed over many years in culture. 

The minichromosomes first were observed in metaphase 
spreads in the light microscope after in situ hybridization 
with human Alu sequences. The minichromosome present in 
XBWS.2 3 also was examined by electron microscopy and 
was similar in length to the kinetochores. Based on the 
assumption that Alu sequences are uniformly distributed in 
the human genome, except in centromeres, telomeres and a 
few other regions containing tandem repeats, the minichro- 
mosome in 8.23 was estimated to contain about 1-2 million 
base pairs of human DNA, which is about 0.05 % of the DNA 
contained in a normal haploid human genome (see Carine et 
al.. supra, 1986; Carine et aL. supra. 1989; see, also. Solus 
et al., supra, 1988). 

All of the minichromosomes examined contained a small 
fraction of the pericentric chromatin from the long arm of 
human chromosome 1, as characterized by a satellite HI 
DNA sequence present exclusively at lql2. The minichro- 
mosomes also contained a-satellite DNA sequences, which 
are characteristic of human centromeres. Members of one 
such family were cloned from a genomic library prepared 
from the hybrid XJM12.13 and found to consist of a 340 bp 
Eco RI repeat containing two degenerate 170 bp monomers 
characteristic of alphoid DNA. In addition, another chro- 
mosome 1-specific a-satellite sequence, a 1.9 kb Hind HI 
repeat, was present on the minichromosomes (Carine et aL, 
supra, 1989). 

A double labeling in situ hybridization experiment was 
performed using a-satellite and satellite IH probes and 
visualized by electron microscopy. The results confirmed 
mat the XEW8.2.3 minichromosome contains a-satellite 
sequences; satellite EI DNA sequences were barely detect- 
able. These results indicate that breakpoints occurred on 
either side of the centromere, retaining a small fraction of 
the pericentric heterochromatin on one side and about 1-2 
million base pairs of the short arm of chromosome 1. 

An anonymous single copy sequence was cloned from the 
minichromosome present in the XIM12. 1.3 primary hybrid 
cell line. The single copy sequence also was present on the 
minichromosome present in the XJM12.2.2 primary hybrid 
cell line, as well as on the intact human chromosome 1. In 
comparison, the minichromosome present in (he XEWS.23 
secondary hybrid cell line, which was derived from 
XIM12.1.3, does not contain the anonymous sequence 
(Solus et al., supra. 1988), indicating mat the anonymous 
sequence was located distal to the selectable CH-3 gene 



>U18 

10 

relative to the centromere (Carine et al., supra, 1989; Waye 
et aL. Genomics 1:43-51 (1987); Willard, supra, 1987). 

Indirect studies suggested that the mutant hamster cells 
had a defect in the gene for the IP subunit of SDH 

5 (Soderberg et al., supra. 1977). However, isolation and 
mapping of the genomic DNA. including the promoter, of 
the IP gene revealed that the IP gene was located at the distal 
end of the short arm of chromosome 1 (lp36.1-2) and was 
not present on the minichromosomes (Leckschat et aL, 

10 Somat. CeUMoL Genet. 19:505-511 (1993), which is incor- 
porated herein by reference). Furthermore, an IP cDNA did 
not complement the respiration deficient condition when 
transfected into the mutant CCL16-B9 hamster cells. Thus, 
despite substantial characterization of the 

15 minichromosomes, a gene that complemented the SDH 
deficiency in the mutant hamster cells was not identified. 

A bovine CII-3 cDNA (see Au et al.. Gene 149:261-265 
(1994). which is incorporated herein by reference) comple- 
ments the SDH deficient phenotype in the mutant CCL16- 

20 B9 cells. In addition, a hamster CH-3 cDNA was isolated, 
the DNA sequence was determined and the encoded amino 
acid sequence was deduced. At the amino acid level there is 
about 82% identity between the wild type hamster and 
bovine CH-3 proteins. In comparison, the CH-3 cDNA 

25 isolated from mutant CCL16-B9 cells contains a single base 
mutation in the coding sequence for the CII-3 protein mat 
produces a premature STOP codon and results in the trun- 
cation of 33 amino acids from the C-terminus and the SDH 
deficient phenotype in CCL16-B9 cells (see Example I). 

30 Furthermore, the gene encoding the human CII-3 subunit of 
complex H of the mitochondrial electron transport chain was 
mapped on human chromosome 1 and on the 
minichromosome. indicating that the human CH-3 gene is 
present within about 1-2 million base pairs of the cen- 

35 tromere. These results indicated that MAC-8.23, which is 
present in the (human x hamster) secondary hybrid 
XEWS.23. cells, contains a normal copy of the human CII-3 
gene mat complements the mutation in the CCL16-B9 
hamster cells. 

40 As disclosed herein, a human CII-3 cDNA (SEQ ID NO: 
1) has been cloned and expression of the human CH-3 cDNA 
also complements the mutation in the SDH-deficient B9 
hamster cells. Furthermore, human genomic CH-3 DNA 

45 sequences were isolated (see FIG. 2; SEQ ID NOS: 3-7) and 
the human CH-3 gene was localized to MAC8.23, which is 
derived from human chromosome 1. The identification of 
mis locus in MAC-8.2.3 provides a unique cloning site for 
inserting an exogenous nucleic acid sequence into 

x MAC8.23. 

Since MAC-8.23 contains a functional human CH-3 
gene, a respiration-deficient hamster cell containing MAC- 
8.23 was identified by selecting cells that grew in galactose- 
containing medium. Thus, the CH-3 gene provides a select- 

55 able marker useful for identifying a CCL16-B9 hamster cell 
containing MAC-8.23. Significantly, identification of the 
CH-3 gene on MAC-8.23 provides a unique locus useful for 
site specific insertion of an exogenous nucleic acid 
sequence, thus making MAC-8.2.3 useful as a vector. 

60 A MAC of the invention is useful as a vector for deliv- 
ering an exogenous nucleic acid sequence into a cell and 
provides significant advantages over previously known vec- 
tors. For example, a MAC can contain an exogenous nucleic 
acid sequence having several thousand base pairs (kbp) up 

65 to several million base pairs. Thus, a MAC can contain an 
entire gene such as the 2300 kbp dystrophin gene, which is 
mutated in muscular dystrophy patients. In addition, a MAC 
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is stably maintained as a single entity in a cell. Thus, a MAC The FLP site specific recombinase has! been -j*™*** 

jS&Stional advantage mat a gene contained in ^^es XhTs tS^Si* SnTy 

and. therefore, is passed to all of the daughter cells following ^^^Z^/^Za of which is incorporated 

into the genomic DNA in a cell butis as an y mammalian cells (O'Gorman et 

autonomous entity. Accordingly, ^<*™ .of an , «og- has tee exper iment a (5-galactosidase 

enous nucleic acid molecule contained in a MAC into a cell 10 jL. <^±J™ ' > ^ d b a nucleic 

obviates any concern that die exogenous nucleic acid mol- ^^^J*^ tJWr sites; the insertion 

eculen^yintegratemtoanddisn.ptthefuncdcmofanormal ^X£eLn of the fed gene product Cotransfec- 

gene in the cell. tioninto various inammalian ceU lines of the disrupted p"-gal 

The identification of the unique CH-3 gene sequence on ^ ^ ^ sion vector resulted in precise 

MAC-8.2 J provides a target site^into whiA 15 * xdsion of ^ insert by the recombinase. leaving behind 

nucleic acid sequence can be inserted. A MAC containing an ^ ^ ^ ^ reading frame , ^ 

exogenous nucleic acid sequence can be transferred into a a ^ a sccond experimellt a single 

mammalian cell such as a mammalian stem cell, where the site Was inserted into a chromosome, then the cells were 

exogenous nucleic acid sequence can be expressed, tf co transf ected with a vector containing a second FKT site and 

desired. Methods for introducing an exogenous nucleic acid 20 exprcss i oll vector. The vector containing the FKT 

sequencemtoadefinednudeicaadsemiencesuchas * at me chTomosome site 

more of the sequences shown as SEQ ID NOS. 3-7 are . . ,1 p|vr ..-A. 

dL^l^«<-I^I^l«^^^ "st^cD^Artmbmationmmammali ancellsalso 

an exogenous nucleic acid sequence can^^be targe^ rnto the j££J£^^he Gc recombinase of bacte- 

Cn-3 gene using homologous ^n^nation ^thodsj 25 g pert loxP target site, which consists of 34 

have been used to produce gene ta< ^^ " "ase pair repeats (see. for example, Orban et al., Proc. NatL 

stem cells in mice (see, for example, Gossen and Vijg, ™*fZ ^„, v go-6861-6865 (1992); Fukushige and 

Trends Genet, 9:27-31 (1993); Frohman and Martin, CeU Acad. Sc., USA 89*8ol-«0 j 1 ^' ™ * 

5frl45-147 (1989); Capecchi. Science 244:1288-1292 Sauer. Proc. NatL Acad Sc ^^^ ^^-gl 

(1989); Zijlstra et al., Ataure 342:435^38 (1989), each of ,.„._„,:,. mice havinn a loxP-(&-f!al)-loxP 

contain coding sequences or reguhitory sequences and 2J""f fte Qe y recombina se, resulting in Cre-mediated 

duced into MAC-8.23, thus facilitating selection and iden- (flS Qi et al./CWi 73:1155-1164 (1993), 

tification of virtually any mammaUan ceU contaunng the 2 *^™£™i™™^\ a<Aa by reference). In 

^ ( ^STSS^-it£2^^£ta£ ration. JS* c£ recombinase was mtUced direcdy 

USA 83:5199—5203 (1986). which is incorporated herein by ^ ostc^cou^ ceUs by lipofection and catalyzed site 

reference). . , . cnecific inteeration of a loxP targeting (Baubonis and Sauer. 

A characteristic of a MAC that makes it particular^ g^SSS^SSS^ which is incorpo- 

useful a vector is that an exogenous nucleic acid sequence ™3 herein bv reference) 

c^bemsertedmtoauniqueclon^ » £ its utiliry as a vector, a MAC such as 
in a site specific manner. A _ MAcS^L be usedto identify the essential elements of 

siteprovides a unique cloning site. For example, site specific tetomae or «^»* ^ ^ ide a 

mtegraUonusmgfteCr^^ f^HS^g and characterizing nucleic acid 

mteSon of the exogenous science does not disrupt or somes characteristically have large tandem repeats of hie 

^SrepHcate or to segregate properly during c- ™*^^Stt^ZZ 
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restriction mapping and high stringency hybridizations (see. As disclosed herein, a MAC can be prepared, for example, 
for example, Waye and Willard, Nucl. Acids Res. by telomere associated chromosome truncation or by irra- 
15:7549-7569 (1987); Willard et al.. Trends Genet. dialing a cell at a dose that causes fragmentation of the 
3:192-198 (1990)). Since the human centromere alphoid chromosomes in the cell and selecting therefrom a MAC 
sequences do not cross-hybridize with Chinese hamster 5 based on the presence of an endogenous selectable marker 
DNA sequences, the centromere sequences of hamster and located near the centromere (pericentric). Such pericentric 
human chromosomes are substantially different. endogenous selectable markers include, for example, the 
Nevertheless, human chromosomes, including MAC-8.2.3, CII-3 gene or another gene that can be identified, for 
are stably maintained in (human x hamster) hybrid cell lines. example, by searching in the Human Genome Database 
The use of MAC-8.2.3 provides a unique system for iden- 1Q (GDB; v.6.0) accessible via the Internet at http:// 
tifying the mechanisms involved in maintaining chrome- gdbwww.gdb.org/, which is incorporated herein by refer- 
some stability in a cell. ence. 

An essential feature of centromeric DNA sequences is the Since pericentric endogenous selective markers are 

ability to become associated with special proteins to form a expected to be rare in mammalian chromosome, a selectable 

unique type of chromatin to which the proteins of the I5 marker generally will be randomly or site specifically 

kinetochore become attached. Only a few such proteins have inserted into the pericentric region of a chromosome. For 

been identified. Kinetochores likely consist of a series of example, a selectable marker conferring neomycin resis- 

repeated structural motifs because more than 10 microtu- tance can be inserted site specifically by homologous recbm- 

bules attach to each side of a metaphase chromosome. A bination into a gene that is located in a pericentric region of 

MAC such as MAC-8.2.3 is useful for identifying the ^ a chromosome. A pericentric gene can be identified in the 

proteins involved in kinetochore formation and spindle fiber GDB database (see above). For example, the neogene can be 

attachment An understanding of the factors involved in targeted into the gene encoding the high molecular weight 

spindle fiber attachment to a centromere can provide insight neurofilament peptide, NF-H, which is a pericentric gene 

into the mechanism responsible for appropriate chromosome located on chromosome 1 at lpl2 (Lieberburg et al.. Proc. 

segregation during mitosis. Such an understanding can lead ^ Natl. Acad. Sci., USA 86:2463-2467 (1989), which is incor- 

to the development of methods for preventing, for example, porated herein by reference), into the gene encoding an Fc 

improper segregation, which can result in trisomy or in loss Gamma receptor, which has been mapped to lpl2 

of a chromosome in a daughter celL (Mascarena et al., Cytogenet. Cell Genet. 73:157-163 

The present invention also provides methods for prepar- (1996), which is incorporated herein by reference), or into 

ing a MAC, comprising fragmenting a parental chromosome 30 any other pericentric gene. Following integration of the 

and selecting a centromeric fragment of the chromosome selectable marker, the chromosomes can be fragmented, for 

containing less than about 0.1% of the DNA present in a example, by telomere associated truncation, and a MAC can 

normal haploid mammalian genome containing the parental be obtained by somatic cell fusion, followed by selection of 

chromosome. The MAC is selected based on the presence of neomycin resistant hybrid cells and identification of a 

a selectable marker on the centromeric fragment, which 35 selected hybrid cell containing a MAC. as defined herein, 

further provides a unique cloning site that can be used as a A selectable marker also can be targeted to an endogenous 

site to insert an exogenous nucleic acid sequence or that can pericentric nucleic acid sequence other than a pericentric 

be further modified, for example, to contain a recombinase gene. For example, a selectable marker can be targeted using 

recognition site. homologous recombination to a unique pericentric nucleic 

As used herein, the term "parental chromosome" means 40 acid sequence or to a satellite DNA sequence, which gen- 

the normal cellular chromosome from which the MAC was eraUy is present in the region of the centromere (see Carine 

derived. For example. MAC-8.23 was derived from and et al., supra, 1989). Following integration of the selectable 

contains the centromere of human chromosome 1. which, marker into the chromosome, a MAC is obtained, for 

therefore, was the parental chromosome of MAC-8.2.3 (see example, by fragmenting the chromosomes containing the 

FjiampleI).AMACispreparedby obtaining a centromeric 45 selectable marker, fusing the cells containing the fragmented 

fragment of a chromosome containing a selectable marker. chromosomes with a second cell line, which can be the same 

If desired, the MAC can be genetically engineered to pro- cell type as the first cell line, and selecting hybrid cells mat 

vide one or more desirable characteristics. In particular, a contain a centromeric fragment of a chromosome containing 

MAC can be genetically engineered to contain, in addition the selectable marker, wherein the centromeric fragment has 

to the selectable marker, an exogenous nucleic acid 50 me characteristics of a MAC. Thus, based on the methods 

sequence such as a gene or a cDNA, which can encode a disclosed herein, the skilled artisan can prepare a MAC 

second selectable marker; an entire genetic locus, including having characteristics similar to MAC-8.23 or a MAC 

regulatory elements such as enhancers, which can be several having other characteristics as desired. 

kUobases upstream or downstream of a gene; or a randomly The invention also provides methods of stably expressing 

produced fragment of genomic DNA. 55 a selectable marker in a cell, comprising introducing a MAC 

Yeast artificial chromosomes (YACs) have been devel- containing the selectable marker into the cell. For example, 

oped by assembling essential elements of yeast DNA, the human CH-3 gene product is a selectable marker that is 

including centromeres, telomeres and replication origins stably expressed in mutant hamster CCL16-B9 cells, which 

(Burke et al.. Science 236:806-812 (1987); Schlessinger, do not express a functional hamster CH-3 gene product 

Trends Genet. 6:248-258 (1990)). However, it is not pos- 60 As used herein, the term "stably expressed'' when used in 

sible to apply the methods used in constructing a YAC reference to a selectable marker means that the nucleic acid 

similarly to construct a MAC because the essential elements molecule encoding the marker is maintained and expressed 

such as mammalian origins of DNA replication and mam- in a cell line. In particular, a selectable marker is stably 

malian centromeres are not well characterized (see Huxley expressed from generation to generation in a cell type that 

et aL, BioTechnology 12:586-590 (1994); Brown, Curr. 65 traverses the cell cycle and, ultimately, divides. The ability 

Opin. Genet Devel 2:479-486 (1992); Lewin, J. NIH Res. to stably express a selectable marker in a cell is due to the 

7:42-46 (1995)). ability of a MAC to be replicated during the cell cycle and 
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reto^ to the expression of a selectable marker does not ing vector into the chromosome, cells contoning the vector 

Sy mlSe marker is "always" or "constantly" lQ can be selected under the appropriate conditions and 1 trun- 

™!£dtaSse expression of a selectable marker is 10 ca ted chromosomes can be identified using roufcne cytoge- 

rSted in^art, by me particular gene regulatory elements netic m ethods. The inclusion of a selectable marker with the 

linked to the marker. For example, a selectable marker telomere sequence in a targeting vector can be particularly 

containing a promoter that is active only during a particular useful where me targeted gene such as the CH-3 gene, which 

stage of the cell cycle or that is induced only when activated otherwise is a selectable marker, is lost due to the truncation 

by a particular regulatory factor, nevertheless is considered eyent or where me targeted pericentric sequence does not 

stably expressed if the selectable marker is expressed at the a mea ns of selection or provides an inconvenient 

appropriate time. Thus, a "stably expressed" marker is stably means of selection . 

expressed with reference to the particular regulatory ele- ^ herein telomere associated truncation of a 

ments linked to the marker. „ minichromosome such as a minichromosome maintained in 

As disclosed herein, a MAC was obtained following 20 hybddiaiA i 2 A2 and XJM12.13 cells (Mascarello et 

irradiation of cells. A MAC also can be obtained using JJ£ 198O) or of a MAC such as MAC8.23 can provide 

telomere associated chromosome significant advantages over methods of chromosome trun- 

on the know edge fcat a tdomere dg«4e«dg * *^ ^ ^ ious 

chromosome (Farr et aL EMBO £ „ tion ^foods have started with normal, full size chromo- 

^%^^J^^M^3^mi 25 somes and have required several rounds of truncation and 

12S? %£'nm£Jl&* TOA 93*847-6850 selection in order to obtain a minichromosome approaching 

cated chromosome, which contauis a centromere and one or eQ ^ of^^angemenb alTo can complicate specific 

Insertion of a telomere sequence into a chromosome can & loss of a regulatory sequence normally 

accom?tished. for example, by homologous recombination element due to the ^ngement _ 

™«s ™lushed using, for example, a vector 45 stably maintained mMchr^osome such as ^ 

containing the telomere sequence at one end CcaSn U^ncated minichromosome useful as a 

Telomere associated *«™o« a™**™ ™ca^be obtained after a single round of truncation and 

ticularly useful for producing a MAC where > Son, limiting the probabitity that undesirable rearrange- 
genes or other unique pericentric nucleic aad sequences are 50 *^°* fl ^ n ^^ c ^ osoim wfll occur, 

targeted. For example, homologous recombination can be me 5°™* ^X<»ind of telomere associated truncation 

used to target a telomeric sequence to apencentnc gene such S ™^- "^rSh «5aS 2 3 in order to obtain 

as the OI-3 gene (see Example IV). Where such targeting ^^^^1^ and 

each arm of a selected chromosome in order to produce a means for determining me oneniau i~ 
utefulMAC. tk> n ofthegeneonMAC8.2.3. 
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A MAC can be transferred from a host cell into a second 
cell. For convenience, a host cell containing a MAC to be 
transferred is referred to herein as a "donor" cell, whereas 
the cell into which the MAC is transferred is referred to as 
a "recipient" cell. Various methods are known for transfer- 
ring a MAC, which is a centromeric fragment of a 
chromosome, into a recipient cell. For example, a MAC can 
be transferred from a donor cell to a recipient cell by somatic 
cell fusion (see, for example, Carine et al„ supra, 1986). 
Hybrid cells containing the MAC can be identified based on 
expression of the selectable marker present in the MAC. 
Although one or more donor cell chromosomes also will be 
transferred into the hybrid cells, such donor cell chromo- 
somes generally are lost during passage of the cells because 
there is no selective pressure for maintaining the donor cell 
chromosomes in the hybrid cell. Examination of clones of 
hybrid cells can be used to identify hybrids containing only 
the MAC from the donor cells. 

A host donor cell also can be treated with a mitotic spindle 
inhibitor such as colchicine, which results in the formation 
of micronuclei, then with cytochalasin B, which results in 
the extrusion of microcells. which contain one or a few 
chromosomes, including the MAC. and which can be fused 
to recipient cells (see, for example, Ege and Ringertz, Expi. 
Cell Res. 87:378-392 (1974); Fournier and Ruddle. Proc. 
NatL Acad. Set., USA 74:319-323 (1977), each of which is 
incorporated herein by reference. Fusion of recipient cells 
with microcells greatly reduces the transfer of donor cell 
chromosomes to recipient cells. In addition, minichromo- 
somes can be isolated by fluorescence activated cell sorting 
(FACS; see Ferguson-Smith, in Molecular Biology and 
Biotechnology: A comprehensive desk reference (ed. Mey- 
ers; VCH Publ., NY; 1995) pages 354-359; Krumlauf et aL. 
Proc. NatL Acad Sci., USA 79:2971-2975 (1982); Wallace 
et al.. NucL Acids Res. 17:1665-1678 (1989). each of which 
is incorporated herein by reference). Since a MAC is much 
smaller than the smallest intact chromosome, isolation of 
MACs using FACS provides a means to obtain substantially 
purified MACs, which can be introduced into a recipient 
cell, for example, by microinjection. 

A MAC containing a selectable marker is useful for stably 
expressing the selectable marker in a cell. A MAC contain- 
ing a neo gene and a gene or cDNA encoding gene product 
of interest can be transferred into a diseased cell, wherein 
expression of the gene product complements the genetic 
defect and results in the cell attaining a normal phenotype. 
In general, a diseased cell is obtained from a patient, the 
MAC is transferred from a host cell into me recipient 
diseased cell in vitro, then the recipient cell containing the 
MAC is reintroduced back into the patient Thus, a MAC can 
be useful as a vector for gene therapy. 

In particular, a MAC is useful for introducing a large gene 
such as the dystrophin gene into a recipient cell because 
other mammalian cell vectors cannot contain such a large 
gene. However, a MAC is useful for introducing any gene or 
cDNA into a cell. Furthermore, the use of a MAC for gene 
therapy provides the advantage that the gene product of 
interest is produced in a unit dosage, since generally only a 
single MAC will be present in the recipient cell. In addition, 
a MAC is stably and autonomously maintained in each 
daughter cell following division of the parental celL Thus, a 
MAC can be particularly useful for introducing an exog- 
enous nucleic acid molecule into a stem cell such as a bone 
marrow stem cell because all the cells propagated from the 
stem cell will stably express the exogenous nucleic acid. 

It is further recognized that a MAC is particularly useful 
for expressing a mammalian gene product in vitro. A MAC 
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containing an exogenous nucleic sequence can be introduced 
into a mammalian cell for the purpose of expressing and 
collecting a mammalian gene product encoded by the 
nucleic acid. Mammalian cells containing a MAC can be 

5 grown in large quantities in vitro in a bioreactor under 
conditions that allow expression of an exogenous nucleic 
acid sequence contained in the MAC. 

Use of a MAC to express a mammalian gene product in 
a mammalian cell provides significant advantages over 

io methods for expressing the gene product in other cell types 
such as insect cells or bacterial cells because appropriate 
post-translational modifications such as glycosylation or 
phosphorylation of the expressed gene product can occur in 
a mammalian host cell. In addition, use of a MAC to 

I 5 introduce an exogenous nucleic acid sequence into a mam- 
malian cell provides significant advantages over the use of 
other vectors. For example, the MAC is stably expressed in 
the mammalian cells and. therefore, is passed from genera- 
tion to generation in dividing cells. In addition, a MAC is 

20 maintained as an autonomous entity in a cell and. therefore, 
does not integrate into the genomic DNA. where it can 
disrupt the regulation or expression of endogenous gene 
products. Thus, the present invention provides a method of 
producing an exogenous mammalian gene product in a cell 

25 by introducing a MAC containing an exogenous nucleic acid 
sequence encoding a mammalian gene product into a mam- 
malian cell and expressing the gene product Such a method 
allows in vitro production of large amounts of essentially 
any mammalian protein, provided the nucleic acid sequence 

30 encoding the protein is known. 

A MAC also is useful for producing a transgenic mammal 
such as a mouse, cow, goat or sheep expressing a gene of 
interest (see Example V). A MAC is particularly useful for 
this purpose because the MAC is stably and autonomously 
maintained in all of the cells containing the MAC. However, 
it is not necessary that the exogenous nucleic acid sequence 
be expressed in every cell containing the MAC because 
expression of the exogenous nucleic acid sequence is depen- 
dent on the particular characteristics of the promoter that 

40 directs its expression. Thus, the introduction of the MAC 
into an embryonic stem cell or into an ovum provides a 
means to produce a transgenic mammal having a desirable 
characteristic. For example, a MAC containing a selectable 
marker can be microinjected into an ovum, which can 

45 fertilized at the time of microinjection or can be unfertilized, 
then fertilized following microinjection. The MAC- 
containing zygote then is implanted into a pregnant or 
pseudopregnant female and the newborn mammals are 
examined for expression of the selectable marker. Trans- 

50 genie mammals expressing the selectable marker are thereby 
produced. 

The following examples are intended to illustrate but not 
limit the present invention. 

55 EXAMPLE I 

Preparation and Characterization of a Mammalian 
Artificial Chromosome 

60 This example provides methods for preparing and char- 
acterizing MAC-8.23, which is contained in XEWS.23 
cells deposited on Oct 31. 1995, as ATCC Accession No. 
ATCC CRL 11992. 
The various cell lines used in this study and the hybrids 

65 derived from the fusion of the Chinese hamster mutant cells 
with human cells have been described previously 
(Mascarello, supra, 1980; Carine. supra, 1986, 1989). 
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Briefly CLLl^BlisaChinesehamsterlungfihroblastfrom As expected. att of the hybnd ^^J™**^££ 
^S^U^d^Lmatwt cell line CLL16-B9 was characteristic of hamster genomic DNA. These results indi- 
SSJ KoftS V, I Somat. Cell Genet. 2:331-344 (1976). cate that the gene fa me CT-3 subumt is tad o J 
which * incorporated herein by reference; Soderberg et aL. human mimchromosome, mcluding the numchroraosome 
supra. 1977). The hybrid cell lines XJM5.1.1(+) and s present in XEW8.2.3 cells. 

XJM12.13 were derived from the fusion of the CCL16-B9 m OTder to confirm that the genetic defect in the mutant 
cells with human lymphocytes or HT1080 fibrosarcoma hamster ce us is due to an aberrant CH-3 gene or gene 
cells (Croce, Proc. Natl Acad. Sci, USA 733248-3252 ^uct the ability of the bovine OT-3 cDNA to comple- 
(1976). which is incorporated herein by reference) and by ment ^ SDR condition of CCL16-B9 cells was 

selection of respiration-competent cells. The hybrid cell line 1Q examined ^ com plete bovine cDNA was excised from its 
XJM5.1.1(-) was a respiration-deficient segregant which pU Qig vector as an Eco RI fragment and cloned into the 
had lost human chromosome 1. XJM12.1.3 was one of two mammalian expression vector pcDNA3 (Invitrogen; San 
independent hybrids with a human mimchromosome. The ^ ^ f 0J . me complementation analysis. Cells were 

secondary hybrids XEWS.2.3 and XEW9.10.4 wereisokted ^ 5Q% conflucncy and teansfected with the pcDNA3- 

after fusing irradiated XJM12.13 hybrids with CCL16-B9 15 ^ M ^ pcDNA3 containing an 

cells and selecting for SDH-positive hybrids (Carine et al., uatdated cDNA insert was used and in a second control, no 
supra. 1986). vector was added to the transfection mixture. 

All cells were grown in Dulbecco's modified E^e's Trans f cc tion was performed using the "LIPO- 
medium(DMEM) containing 5 mM glucose and 10% fetal priCTAMINE" reagent (GIBCO BRL; Grand Island, 
calf serum. The same medium with glucose substituted oy w cond itions for optimal transfection efficiency of the 

galactose (DME-GAL) was used to select for or maintain CCL [l.^ cells were established using the eukaryotic assay 
respiration-competent cells or hybrids (Ditta et aL, supra, pCHHO containing the P-gal gene (Pharmacia; 

1976; Scheffler et al.. in Biomedical and Chmcal Aspects of piscata ^ ay N j.). Selective medium, either DMEM contain- 
Coenzyme O, pages 245-253 (Folders and Yamamur* eds.; ' G41g whicb for expressi on of the neo 

Hsevier/Norm Holland Biomed Press, Amsterdam; 1981), ^ » cc DMEM-galactose, which selects for respiration 
which is incorporated herein by reference). competent cells, was added 2 days or 4 days after transfec- 

The partial cDNA encoding the bovine heart GI-3 subumt ^ g days some plates selected with G418 were 

of complex U (Yu et aL, /. Biol. Chem. 267:24508-24515 switc hed to DMEM-galactose. Stable transfectants were 
(1992), which is incorporated herein by reference) and the j^^d in DMEM-galactose containing 400 ug/ml 
complete bovine cDNA (Cochran et al., Biochem. Biophys. 30 G41g 

Acta 1188:162-166 (1994), which is incorporated herein by ComD leirantation of the defective mitochondrial function 
reference) were obtained. Southern blot analysis ^J^per- _ aot Z;tmXaneous because new functional complexes must 
formed on human, hamster and hybrid genomic DN Ausing ^, ed in me mitochondria and time is required to 

the bovine CH-3 cDNAprobe. Southern Wo, tand accumulate levels of complexH that are adequate to support 

blot analyses were performed using standard methods 35 ^ oxi<ktive phosp horylation (Mascarello et al., 

(Sambrook et al.. supra, 1989); probes were ^edby the esp et su F a. 1989). Similarly, a lag 

random primer method Restriction enzymes were obtained sPf£ ^ed in the transf ected cultures when direct 
from New England Biolabs (Beverly, Mass.) «d used g fcw ^ ^ ttansfcction . 

according to the manufacturer s instructions (a- "=P)-dCl V However about two weeks, cells began to divide in 
was from ICN Pharmaceuticals (Irvine. Caul.). 40 DM ^~alactose. i„ contrast, cultures mat were not trans- 

Southern blot analysis revealed that the (human x fgcted ^ my vector „ were transfected with the vector 
hamster) hybrid cells contained, in addition to the hamster containing M unrelated cDNA and the neogene. no prolif- 
chromosomes, a small number of human chromosomes. The was observed after the switch to the DMEM- 

hybrid XJM5. 1. 1.(+) contains an intact human chromosome Ealactose medium and, after a few days, the cells died and 
1. while the hybrid XJM5.1.1.(-) has lost the entire chro- 45 ^0^^ ftom the plate. These results demonstrate 

mosome 1 during subsequent culture in nonselective con- CT -3 cDNA complements the SDH defi- 

ditions (Mascarello et al., supra, 1980). The hybrids ^^incSlMJQ cells. 

XJM12.1.3 and XJM12.2 .2 contain a human * restore SDH 

minichromosome, with a few million base paus of DNA J^J™* ^ ^ ^ was examined. 

fxommeshortar^chromo M mel;mese«nd^ 50 ^^^*mi*<* using the assay of Green and 
XEW8.23 and XEW9.104 were d ^*^*™f w m £ Histochem Cytochem, 28:408-412 (1980). 

after irradiation ^ d f M ^ h ™ ^LTSrl wmchl incorporated herein by reference), which measures 

1-2 miUion base pairs of DNA from fce short arm. suc ^e-dependent reduction of the analogue 2-(p- 

The bovine cDNA probe hybridized with hamster and eny i). 3 -(p^nitiophenyl>5-phen y l telrazolium chlo- 

with human restriction fragments even at relatively high 55 ^^/^^n product was quantitated spectrophoto- 
stringency. Multiple bands were present. partKUlai ly in ^ ^ extraction with ethanol. Mitochondria were 

DNA samples obtained from the human cells This reartt JJSl by differential centrifugation as previously 
indicates that the human CT-3 gene consists of exons and ^ 1976; Soderberg * ^ supra , 

introns or mat multiple CH-3 genes or pseudogenes are "^. ,ucuv 

present in the human genome (see Exfflnple . II). Sevend 60 * mitochondria from wild type 

2mT H^. some bands are shared between total human activity was restored to levels ranging from 30 to 50% of 
DNA and the rninichromosome present in the hybrid cells. wild type. 
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These results indicate that the SDH deficiency observed in A. Human CH-3 cDNA: 

CCL16-B9 cells is due to a defect in either the CII-3 gene ^ complete human cDNA encoding CH-3 was cloned 

or the CH-3 gene product. In order to determine whether the from a HeLa cell cDNA library using the 5' and 3' RACE 

defect was due to a mutation in the hamster OI-3 gene, method m& sequenced by the dideoxy chain termination 

hamster CH-3 cDNA was cloned. The availabilty of the 5 meth<xL ^ ^ stKmd cDNA library was produced by 

bovine cDNA sequence allowed the design of primers for reyerse ttanscription of x ug total rn A from H eLa cells 

cloning the hamster CH-3 cDNA from wild type and mutant uj ^ dT1? anchor imef 

cells using a polymerase chain reaction (PCR). Computer GACTCGAGTCGACATCGATTTTTTTTTTTTT- 

analysis of the bovine CH-3cDNA sequence was performed {<ivn m Nn . and ■«<?lTPFRSCRIPr IT 

in order to avoid regions of the sequence likely to form lft ^T" 3 J?^, J? t ,"n£V"7n , 

hairpins or to dimerize. Sequences within the coding 10 (RNAse H(-); BRL; Gaithersburg, Md.) at 48° C. followed 

sequence were selected because the untranslated regions of *S Poly C toiling using terminal deoxynucleottdyl trans- 

the bovine and hamster sequences are more likely to have ferasc (BRL). 

diverged. The 5'-cDNA was cloned by PCR amplification of the first 

Based on the computer search, two oligonucleotide strand cDNA library using a gene specific primer, 

sequences were prepared: 15 5*-GCCAGCCCCATAGAGGACAACAC-3' (SEQ ID NO: 

5'-TGCCAGCCCTACAGAGGACAACAC-3 ' (SEQ ID 13) and the dG15 anchor primer. 

NO: 15) and 5'-GACTAGTCGACTGCAGGGGGGGGGGGGGGG-3' 

5'-CTGGAGTAAGAACACTACTTTAAACCGTCC-3' (SEQ ID NO: 14). The 550 base pair (bp) PCR product was 

(SEQ ID NO: 16). Eventually only use of the primer c i one< j directly into the pGEM-T vector (Promega). The 

corresponding to the 3'-end of the coding sequence (SEQ ID 20 3>_cDNA was cloned by PCR amplification of the first strand 

NO: 15) was successful for cloning a large portion of the cDNA library using the gene specific primer 

CH-3 cDNA from wild type and mutant hamster cells by the 5 1 -G ACTCG AGTCG AC ATCG ATTTTTTTTTTTTT- 

5 ' R ^, CE ^ t ^°i^^ an ^ NMl If!* - S u- TTTT-3' (SEQ ID NO: 12). The 1000 bp PCR product was 

USA 85:8998-9002 (1988), which is incorporated herein by cloned directly into pGEM-T. 

ref iT° ™ ^SSl^ rPTPTR^ ma „n» viMd a * The CH-3 cDNA contains a 27 nucleotide S'-untranslated 

^SSiS^^SSSJ^^ **rz \ 5K ' -22* ^JKEvSV 779 

y and 3 1 RACE methods were attempted. Although the 3' nucleotide ^'-untranslated sequence (SEQ ID NO: 1; see 

RACE protocol was not successful, the 5' RACE protocol also, GenBank Accession No. U57877). The hurnarrOI-3 

resulted in isolation of PCR products that included the 5' M amino add sequence as deduced from SEQ ID NO: 1 is 

untranslated region of hamster CH-3 mRNA and all but 9 shown as SEQ ID NO: 2. Three independent clones were 

nucleotides at the 3' end of the open reading frame. Four isolated and sequenced from the cDNA library ' and each 

independent RT-PCR reactions were carried out with each of contained the same CH-3 cDNA sequence. This result sug- 

the /wild type and mutant RNAs as templates. The PCR gests that only a single CH-3 gene is expressed m human 

products were cloned into the pGEM-T vector (Promega; cells. Northern Wot analysis also identified only a ? single 

Madison, Wis.) for direct sequencing. DNA sequencing was band, although it is unknown whether the band corre- 

performed using the Sequenase 2.0 kit (United States Bio- sponded to one or more RNA transcripts. Significantly, 

chemical; Cleveland. Ohio) and the SP6 and T7 sequencing expression the cloned human CH-3 cDNA (SEQ ID NO: 1) 

primers, as described by manufacturer. i„ the SDH-deficient CCL16-B9 cells complemented the 

The nucleotide sequence of the wild type hamster CH-3 mutation, thereby allowing the cells to survive under the 

cDNA is accessible from the GenBank/EMBL Data Bank at 40 selective conditions (see Example I). This result confirms 

Accession No. US 1241, which is incorporated herein by that the cloned human cDNA sequence encodes a functional 

reference. All of the clones obtained from mutant cells qj_ 3 gene proi iuct 

contained a G-»A transition in codon 137, resulting in the „ „ ■ nMA ,„,„:„„. 

. - „ . . . _ „ . . „ ctvxt, „j ° a c a B. Human CH-3 Genomic DNA Sequencing: 

conversion of a tryptophan codon to a STOP codon. As a . , . , * ° „„ 

result of the mutation in the CH-3 cDNA, 33 amino acids 45 Human genomic DNAcloned m the lambda DASH vector 

normally found at the C-texminus of me translated protein was purchased from Stratagene (La Jolla, Calif.) and 

are absent A comparison of the bovine and hamster CH-3 screened using a bovine CH-3 cDNACVu et al.. supra, 1992; 

cDNA sequences demonstrated 86% conservation at the Cochran etaL, supra, 1994; see, also, Ostveen etaL,/. Bioi 

nucleotide level and 82% conservation at the amino acid Chem. 27026104-26108 (1995), which is incorporated 

sequence level. The changes are largely conservative 50 hereto by reference). Four genomic clones containing CH-3 

changes and are scattered throughout the entire peptide. DNA sequences were isolated and partially characterized 

The results of these studies demonstrate that the defect in One clone (JS18) contained the complete CH-3 coding 

the SDH deficient CCL16-B9 hamster cell line is due to a sequence, with no evidence of introns. However, the coding 

genetic mutation at a single nucleotide in the CH-3 gene, sequence contained two in-frame stop codons and, therefore, 

resulting in production of a truncated CH-3 protein, to 55 likely represents a pseudogene. A second clone (JS5.1) also 

addition, the results demonstrate that the corresponding contained the complete CH-3 coding sequence, as well as 

human CH-3 gene is very closely linked to the human sequences characteristic of a 5'- and 3'-untranslated 

chromosome 1 centromere. Based on these results, a unique sequence, but no introns. However, no stop codon was 

DNA sequence has been defined on the rrdnichromosome present in this coding sequence. Thus, it is unclear whether 

that is present to XEWS.2.3 cells; the minichromosome is #> this sequence is expressed or is a pseudogene, although. 



designated herein as MAC-8.2.3. based on the cDNA cloning, it appears that only a singli 

EXAMPLE H 



CH-3 gene product is expressed. 
The two remaining clones (JS2 and JS5.2) contained 
CH-3 cDNA and Partial Genomic DNA Sequence overtopping sequences as determined by restriction map- 

This example describes methods for isolating nucleic acid 65 ping. The genomic sequence in JS2 was digested with Not 
sequences encoding the CH-3 subunit of complex H of the I and Eco RI and a 1.8 kbp Notl/EcoRI fragment was 
mitochondrial electron transport system. subcloned into a "BLTJESCRIPT" vector (Stratagene) to 
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PJ0S2 confirmed that the subcloned genomic sequence herein by rererence;. ro human CH-3 cDNA(SEQ 

cDNA(SEQ n)NO:l) 5 if the human CII-3 gene cannot be characterized com- 

A portion of the subcloned genomic sequence is disclosed lctdy from lambda genomic clones, a yeast artificial chro- 

he£rXron-A (SEQ ID NO: 3; 257 bp), Exon-A (SEQ mosome (VAC) or a "bacterial artificial chromosome 

£So." ^ToTbp)andIntron-B (SEQ ID NO: 5; 173 bp; see, (BAQ TOntaMng me huma n OI-3 gene can be Purchased 

also FIG 2). Exon-A (SEQ ID NO: 4), which corresponds from (^nome Systems. Inc. (St Louis, Miss.). Essentially, 

to nucleotides 268 to 431 of the human CII-3 cDNA (SEQ 10 ^ manufacturer is provided with specific primers or a 

ID NO- 1) is bordered on its 5'-end by Intron-A (SEQ ID • ue sequeilce to use as a probe. A sequence such as that 

NO- 3) and on its 3'-end by Intron-B (SEQ ID NO: 5). shown ^ SEQ m N0: 3, 5, 6 or 7 is ideal for this purpose. 

Additional sequences bordering the 5-end (SEQ ID NO: 6; since ^ sequenc es do not encompass a coding region or 

261 bp) and 3'-end (SEQ ID NO: 7; 333 bp) of the 1.8 kbp regu iatory reg ion. The manufacturer then screens a BAC or 

genorrdc DNA fragment in pJOS2 also have been deter- 15 YXchTjrary.identmesaBACoraYAC^n^gcomple- 

mined (FIG. 2; "X" and "Y." respectively). The exon and mentafy sequences, and provides the YAC or BAC. the 

introns are referred to by letters because the complete inse|t of which can be subcloned and characterized using 

. ._ _r- j.„ i rrr i opi»> has not vet been deter- „„*u„h c 



are rererreu iu uy ».uuj i ~ i ™" v — r insen oi wmui ^ 

structure of the human CII-3 gene has not yet been deter- rout in e methods, 

mined. The sequences shown as SEQ ID NOS: 5 and 6 are Positive c i one s are selected and redundant clones are 

referred to as "X" and "Y," respectively, since it is not clear M identifled by restriction mapping. Unique clones are 

whether they constitute intron or exon sequences or portions isolated subclones are prepared, and the DNA sequences are 

of both. Reference to the "5'-end" and "3'-end" indicate the detennme{L Overlapping sequences are identified and used 

position relative to the reading frame encoded by Exon-A. ^ constnlct the entire human CII-3 gene sequence. This 

based on its identity to the human CH-3 cDNA(SEQ ID NO: method aUows me ident ilication and isolation of isogenic 

1). , • 25 sequences useful for targeted integration by homologous 

DNA sequencing was performed using fcefottowing ^^ation (Ten Riele et al., Proc. NatL Acad.Scu, USA 

primers: P JOS2.Rcv, S'-TGGTGAAACCCTGTCTCTACJ 8 9:5 128-5 132 (1992), which is incorporated herein by 

(SEQ ID NO: 8); PJ°S2.T7- reference ). ,. 

5'-TCTATGCCTTCAGGGATCTC-3' (SEQ IDJ NO: 9)\ ^ ^ additional C xons and. if present, introns. a 

BuQPSl-Forwl. 5'-AOTCTGAAGTCCCTCTGTC (Sty 30 co ^ mationofrestr iction mapping and partial sequencing is 

ID NO: 10); and ""Q^ 1 -*™ nerformed using the available cloned sequences as a probe. 

5'-AAGTGTCGGATCCCArTCCA-3- (SEQ ID NO: 11). £™ niq J seiluc[lces are examined by Southern blot 

The P JOS2.Rev and pJOS2.T7 primers were prepared based comparing human genomic DNA and genomic 

on sequences of the genomic subclone that were obtained V obtaine dfrom XEWS.2.3 cells. In particular, genomic 

using the "universal" T7 and reverse primers specific for the 35 ^ encoding the promoter and a portion of exon 1 
cloning vector. The BuQPSl-Forwl and HuQPSl.Rev3 
Primed were designed based on the human CH-3 cDNA will be laenunea 

:e (SEQ ID NO: 1). EXAMPLE HI 



sequence t^uy iu i>"- J ^-~ , " J ^ 

The HuQPSLForwl and pJOS2.T7 primers, which are 

complementary to sequences of Exon-A and "Y," respec- 40 Modification of MAC-8.2.3 

lively (see FIG. 2). also were used to amplify genomic DNA ^ exam - e testes methods for introducing an exog- 

obtained from human HeLa cells; hamster B9 cells; add sequence mto MAC-8.2.3. 

XJM5.1.K+) cells, which are hamster cells contoimng a exogenous nuc ieic acid sequence can be introduced 
complete human chromosome l(see^mp mto MAC-8.2.3 using homologous recombination (Ayares 

(-) cells, which are derived from XJM5.U£) cell s that 45 * ^ ^ 

have lost the human chromosome ^.^"l 3 J*** struc t j^de containing the exogenous nucleic acid 

which are hamster cells containing MAC8.23. The ampli f - maest flanked on either side by nucleic acid 

fication products were separated by P0^3*^ n g ^uenSs enS me human CH-3 gene. In particular, 

electrophoresis and visualized by etmdium _brormdestaining »^^SSnLi. as those identified, for example, as 

and ultraviolet irradiation. A band | "^grato* ^ ^ 1-05 50 "^^^ 5 J ^ 7 ^ used such that the exogenous 

kbp. which is the expected size of the amplified portion , of nn^clek add sequence is targeted to a specific locus (see FIG. 

the human CH-3 gene, was obtained from DNA ~ S J e * ces of mfhuman CH-3 gene 

obtained from the HeLa cells, XJM5.1.1 +) and XBWS.23 W ™* ™£ibedl Sample n also can be used to 

cells, whereas no band was 55 ^lly tSeTaTexogencTnucleic acid sequence such 

tion of the hamster B9 cells or the XJM5.1.K-) cells. Ihese 55 ' bte ^ BUte . a loxP si te or a telomere sequence to 

results indicate that the cloned human genomic CH-3 ^^^^t^bmmaOl^^i^uaiBgAlbc 

sequences are present on chromosome 1 including on the ^\™£L%4 promoter if it is desired that the 

portion of chromosome looming MAC8.2 3. exogcnous nucleic acid sequence be expressed from the 

The complete human CH-3 gene readily can be deter- «S promotor. Depending on the insertion site of the 

mined by subcloning positive lambda genomic cl<m« ; that « ^ CH-3 gene function can be disrupted, if 

have been isolated but not yet characterized. In addition, the <-m 

complete human CH-3 gene can be ^^^^ ^ introduced exogenous nucleic acid sequence can be a 

the lambda DASH library to identify additional clones «» ^ sequence. The introduction of such 
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8.2.3 in a site specific manner using the Cre recombinase so as to yield the desired orientation of the introduced 

from bacteriophage PI or the FLP recombinase from S. sequence. The targeting vector can contain a promoterless 

cerevisiae, respectively. A loxP site, for example, is intro- cDNA sequence, which, following specific integration, is 

duced into the CII-3 gene present on MAC-8.23. The loxP expressed from the CH-3 promoter. In addition, the targeting 

site is introduced by transfection of a targeting vector 5 vector can contain a neo gene, with promoter, to allow 

containing the neogene and promoter, flanked by two loxP selection. Alternatively, the neogene can be promoterless 

sites, which, in turn, are flanked by human CII-3 gene and can be separated from the exogenous nucleic acid 

sequences containing the CII-3 promoter on one side and sequence by a short sequence, including an internal ribo- 

CII-3 gene exon or intron sequences on the other side, which some entry site, IRES, (see FIG. ID; Mountford and Smith, 

further is extended by the HSV-tk gene sequence (see FIG. 10 Trends Genet. 11:179-184 (1995). which is incorporated 

1A). herein by reference). The CII-3 promoter directs expression 

The gene encoding puromycin resistance also can be of a dicistronic mRNA and neo resistance occurs only 

incorporated into the targeting vector, either in place of or in following specific integration. 

addition to another selectable marker such as neo (Skerjanc A MAC containing a dominant selectable marker can be 

et al., Mol. Cell. Biol. 14:8451-8459 (1994); Vara et al.. 15 transferred into a variety of mammalian cells and cells 

NucL Acids Res. 14:4617-4624 (1986), each of which is containing the MAC can be identified. Selection for G418 

incorporated herein by reference). Use of the puromycin resistance or puromycin resistance is powerful and allows 

gene has advantages over the neogene because puromycin is the identification of cells containing the MAC eyen where 

significantly less expensive than G418. Also, the cDNA there is a low efficiency of transfer. A MAC can be intro- 

encoding the green fluorescent protein (GFP) can be used as 20 duced into a mammalian recipient cell by somatic cell fusion 

a selectable marker (see Yeh et al., Proc. Natl. Acad. S«, with a host donor cell such as XEW8.23. which contains the 

USA 92:7036-7040 (1995), which is incorporated herein by MAC (Carine et al., supra, 1986). 

reference). GFP is particularly useful as a selectable marker prior to fusion, the host cell containing the MAC can be 

because cells expressing GFP can be identified and, if irradiated at a dose that fragments the host cell 

desired, isolated using a fluorescence activated cell sorter 25 chromosomes, such as the hamster chromosomes in 

(FACS). XEW8.3.2. but spares the MAC which is not hit due to its 

Following transfection of the host cells with the targeting small size. The irradiated host cells then are fused to a 

vector, cells are grown in medium containing G418 and mammalian cell line such as COS cells (monkey), 3T3 cells 

gancyclovir. Cells that grow in this medium express the (mouse), or other cells including human cells or mouse 

neogene, but do not express the HSV-tk gene and, therefore, 30 embryonic stem (ES) cells and cells that grow under: the 

are considered to have incorporated the targeting vector by appropriate selection conditions are obtained. >■ ; iv £ 
homologous recombination into the human CII-3 gene (see 

RG. lB).Targeted integration is confirmed using PCR. This EXAMPLE IV t, i r ,...,. 

method produces M AC-(loxP-neo-loxP). which contains an d^„^„ tu*. c;,„ «f = mr ; ' 

active neogene. flanked by loxP sites, integrated down- 35 Method of Reducmg "» Size of a ^ 

stream of the promoter of the CII-3 gene. This example describes methods for producing a MAC or 

Mammalian cells containing MAC-(loxP-neo-loxP) are for reducing the size of a MAC such as MAC8.23. 

transfected with a vector expressing the Cre gene, wherein A MAC can be produced by irradiation of normal chro- 

transient expression of the Cre gene results in precise and ^ mosomes or minichromosomes at a dose that results in their 

efficient excision of the neogene, leaving a single loxP site fragmentation. Similarly, irradiation can be used to reduce 

in the untranslated portion of exon I (see FIG. 1C) and the size of a MAC such as MAC8.2.3. For example, host 

producing MAC-(loxP). Similarly, the purified Cre protein cells containing MAC8.2.3 can be exposed to a dose that 

can be introduced directly into MAC-l-containing cells results in the MAC being bit one or a few times. Such a 

using lipofection (Baubonis and Sauer, supra, 1993). Precise 4J method was used to obtain MAC-8.23 from hybrid cell line 

excision of the neogene is confirmed by PCR. MAC-(loxP) XJM12.23. which contains a larger MAC, and can be used, 

contains a single loxP site useful for targeting an exogenous if desired, to select a MAC that is smaller than MAC-8.23. 

nucleic acid sequence. Alternatively, by randomly inserting a selectable marker in 

A promoterless neogene can be introduced into MAC- the genome of a cell, fragmenting the chromosomes, and 

8.23 such that a transcript produced therefrom contains the x fusing the cell with an intact cell, neomycin resistant hybrids 

upstream portion of exon 1 and the loxP sequence, which can be obtained By screening the resistant hybrids using the 

forms the 5' untranslated region of the neo transcript (see methods disclosed herein, a new MAC having a neogene 

Jeannotre et al, Mol. Cell Biol 11:5578-5585 (1991); inserted in a pericentric location can be obtained 

Charron et al.. Mol. Cell. Biol 10:1799-1804 (1990); Fragmentation of chromosomes, niinichromosomes or a 

Schwartzberg et al.. Proc. Natl. Acad, Sci., USA 55 MAC using telomerase associated truncation also can be 

87:3210-3214 (1990), each of which is incorporated by used to produce a MAC or reduce the size of a MAC. For 

reference). If desired, the translation start site of the CII-3 example, a telomere sequence consisting of repeated units of 

gene, which encodes the portion of the polypeptide that the sequence TTAGGG can be introduced into the region of 

targets it to the mitochondria, can be deleted the CH-3 gene present on MAC8.23 such mat sequences 

Cells carrying a single loxP site on the minichromosome 60 distal to the telomere with respect to the centromere are lost 

are cotransfected with a circular targeting vector containing from the MAC. 

an exogenous nucleic acid sequence and a second loxP site Site specific targeting of a telomere sequence is accom- 

(see FIG. ID) and with an expression vector containing the plished by homologous recombination using a targeting 

Cre recombinase gene. Recombinase-mediated integration vector as described in Example m, except that the telomere 

of the vector at the loxP site in the MAC inserts the 65 sequence is substituted, for example, for the loxP site. Of 

exogenous nucleic acid sequence into the MAC (see FIG. course, if a loxP site first is placed into MAC8.23. the 

IE). The loxP sites are oriented, with respect to each other. telomere sequence can be introduced into the site by incor- 



5,721,118 



27 



28 



porating the sequence into an appropriate vector (see FIG. the art (see for example^ Jf^f * 

IE), inioducing the vector into a host cell containing superovulation is induced by intraperitoneal injection of 
MAC8 2 3 and expressing the Cre recombinase in the cell hormones using a 27GV2 needle to deliver less ftan 200 ul 
(see Example m). The sequences in the targeting vector for hormone and the mice are mated. The pregnant females are 
directing an exogenous nucleic acid sequence into 5 anesthetized by inhalation with Metafane and sacrificed by 
MAC8.2.3 by homologous recombination can be, for cervical dislocation and fertilized embryos are removed 
example, those disclosed herein as SEQ ID NOS: 3. 5. 6 or from me oviduct. ES cells containing a MAC are selected 
7, since these sequences likely are unique sequences in the and nricroinjected into the embryos. Alternatively, a MAC is 
human genome and. therefore, in MAC8.2.3. The use of microinjected into an ovum, which is fertilized. Pseudopreg- 
such unique sequences will preclude insertion of the target- 10 nant females ^ anesthetized by inhalation with Metafane 
ing vector into the 

hamster chromosomes present in the host and {he embryos or fertilized ova are implanted into the 
XEWS.2.3 cells. oviduct Offspring, which are weaned at three or more weeks 

of age. are anesmetized by inhalation with Metafane. one 
EXAMPUl v half inch of tail is removed using a sterile blade and a blood 

Production of Transgenic Mice ' sample is obtained. DNA is isolated from, the blood sample 

and screened by Southern blot analysis to identify animals 
This example provides a method for producing transgenic containing the exogenous nucleic acid, 
mice by stably expressing a MAC containing a selectable M ^ h ^ Monhas ^^ MvviShK f^ 
marker in the mice. 20 to the examples provided above, it should be understood that 

^™ rJSE2 Essies Various ications can be made without departing from 

the spirit of the invention. Accordingly, the invention is 



taining an exogenous nucleic acid sequence into embryonic 



SEQUENCE LISTING 



( 1 ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 16 

< 2 ) INFORMATION FOR SEQ ID NO:l : 

4 ( i ) SEQUENCE CHARACTERISTICS: 



( i i ) MOLECULE TYPE: cONA 

( i x ) FEATURE: 

( A ) NAME/KEY: CDS 
( B ) LOCATION: 27.536 



ACTTCCOTTC CAOACCOGAA CCCAAO ATO OCT OCO CTO ITO CIO AGA CK OTI 

vz v.i at* ir> in i\i ™ - J" >*> c >[] n« 
111 Aii va r,i u: z c . x° i" ^ s:: sr: n e . 

TOO A A T A.O A A T ATA COT I.J AAC COT CO, CTO TOT C« C»C ATT AC, 

?n ?i. ;i i" iv. "° £" "I °" 

6 0 65 



ACT GOT ATT OCT TTO AOT 



CTO T T A CTC CCT OGO 



CTT GTG A AO TCC 
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CTG TOT CTG OGG CCA OCA CTG A T C CAC AC A OCT AAG TTT OCA CTT GTC 



GTT GTC CTG 



CO A CAC TTG A T G TOO 
Arg His Leo Met Trp 



TAC C AG TCT 



TOAAGAAAOG 




CATCATCTTC 


CTACACATTA 


TTACATTCAC 


CCATCTTTCT 593 


GTTTGTCATT 


CTTATCTCCA 


GCCTGGOAAA 


AOTTCICCTT 


ATTTGTTTAO 


ATCCTTTTGT 653 


ATTTTCAGAT 


CTCCTTGGAG 


CAOTAGAGTA 


CCTGOTAGAC 


CATAATAGTO 


OAAAAGGOTC 7 1 3 


TAGTTTTCCC 


CTTGTTTCTA 


AAOATOAOGT 


OGCTOCAAAA 


ACTCCCCTTT 


TTTGCCCACA 773 


OCIIOCCTAC 


TCTCOOCCTA 


GAAOCAGTTA 


TTCTCTCTCC 


ATATTGGOCT 


TTGATTTGTG 833 


CTOAOGGTCA 


GCTTTTGOCT 


CCTTCTTCCT 




AAACAATOCC 


AGCTCTGTOG 893 


CITCTOCCCI 




CGGGTTGOGO 


GGTGGGTTGG 


GTGAAGCTTT 


GGGTTGCCAC 953 


TOCCTOTOOG 


TTTGCTGGCT 


TAAAGOACAA 


TTCTCTTTC A 




CCCAGGCC AT 10 13 


TAACAACT AA 


CACAGTGTTA 


TTGAAAOAAO 


AGAGGTOGGG 


OTGGAGGGGA 


ATTAOTCTOT 1073 


CCC AGCTAOA 


OGGAGAT AAA 


GAGGGCTAOT 


TAGTTCTTGG 


AGCAGCTGCT 


TTTO AGOAGA 113 3 


A A A T A T A TAG- CTTTGGACAC 


GAOGAAOATC 


TAGAAAATTA 


TCATTOAACA 


TATTAATOGT 119 3 


TATTTCTTTT 


TCTTGGATTT 


CCAOAAAAOC 


CTCTTAATTT 


TATGCTTTCT 


C ATCOAAOT A 12S3 


ATOTACCCTT 


TTTTTCTGAA 


ACTOAATTAA 


ATACTCATTT 


T AAAAAAAAA 


AAAAAAAAAA 13 13 

13 15 



( 2 ) INFORMATION FOR SBQ ID NCW: 

< i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 169 amino acid 
(B ) TYPE: amino add 
( D ) TOPOLOGY: fines 



Val Gly Ai 



rg The Trp 



Set Tip Se 



Leo OI 7 P» 



Val Phe Pr 



Met Tyi Hi 



31 
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( 2 ) INFORMATION FOR SEQ ID N03: 

( i ) SEQUENCE CHARACTERISTICS: 



( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Blear 



N: SEQ ID N03: 

TTCCCCATAC TCAGOAGOCT OAAOCAGOAG ACTCOCTTOA ACTTOGGAOO TOGAGGTTGC 

AGTGAGCCAA GATTOCACCA ATATACTCCA GCCTGGOTGA CAOAATGAGA CTCTGTCTCA 

AGAAAAAAAG AAAACAAAAA TCTTCTCCAT TTCAAAATGG TTTAGAATTO TATGAGGTOC 

CA GOGGTCCC AGTTTTATGT ATCATATTAG TTOTAACTTA TOAGCAGCTO TOA 
CTTGGTTTTC TCCTCAO 
( 2 ) INFORMATION FOR SEQ ID NO:4: 



AAGCTA 



( D ) TOPOLOGY: linear 
< x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.4: 
GGGTCTCTCT TTTTGGCATG TCGGCCCTGT TACTCCCTGG GAACTTTGAO TCTTATTTGG 
AACTTGTOAA GTCCCTGTGT CTGGOGCCAG CACTGATCCA CACAGCTAAG TTTGCACTTG 
TCTTCCCTCT CATOTATCAT ACCTOOAATO GOATCCGACA CTTO 



( 2 ) INFORMATION FOR SEQ ID NOJ: 



( D ) TOPOLOGY: fisgar 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO J: 
GTAAGTTAAT TCGGGATTTG CACATTTTCT CTGTGAAGOG AOTGGGOAGA CTOOGAGGAT 
TCTTTCCTTC ATTACTGGGT TTAGTGCTOT TCTTTTTTTT TTTTCCCAAG AGTGGAGTGT 
CTCGCTCTAT TGCCCAOOCT GOAGTOCAGT GGTOCGATCT CAGCTCACTO CAA 

( 2 ) INFORMATION FOR SEQ ID NCh6: 



x i ) SEQUENCE DESCRIPTION: SEQ ID NO*: 

ACCCI CACTAAAOGG AGTCGACTCG ATCCCAAOTA OTCTGTCTCC CATCATAAAC 
CATOA GTTTAAATCT TCTCCTTTTC AAOGCCGOOT GCAGTOOCTC ACACCTGTAA 
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-continued 



TCTCAGCACT TTGGGAGGCA AAGOTGGOCA GATCACTTGA OGTCAGGAOT TCGAGACCAO 

CCTGOCCAAC TTGGTGAAAC CCTOTCTCTA CTAAAAATAC AAAAATTAGC TOGOCGTTGT 

GGTGGGCACC TGTCATCCCC ACTACTCAGG AGOCTOAAOC AGGAGACTCG CTTGAAACTT 

GGGAAGTGGA AGTTGCAGTG A AC C C A A 



) INFORMATION FOR SEQ ID 



( x i ) SBQUENCE DESCRIPTION: SEQ ID NOT7: 

TTGGCACCCA OTTTCTATTA AAOTTGGCCC AATTCTOTCC AACATCTCAA AACAGAAATO 

CAATATAATG TGTAOATAAO AAAAGGTAAT CTATTTOAGT CCTGTCAOAA OCACTACTCT 

GOOTCAACAO GAACOGAAGA ATOAAAGCAG CAACAATOGT TATCTAGCTC ATAACTOAAT 

CCCCAGTGTC TACAACAOTA CCTGACACAT AAATAGGTAC CAATTAATAT TTATOTCATA 

AACATGCATT CTATGCCTTC AGGOATCTCT TTTAAATATC CCTCTTAAAA ATGAAOAGTT 

CAOCAGGOCA CAOTOOCTCA COTCTGTAAT CCTAOCACTT TGGGAAOCTG AAAAOGOTOG 

ATCACAAOGT CAOATTTGAA AAA 



( 2 ) INFORMATION FOR SEQ ID NO:8: 



( D ) TOPOLOGY: linear 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
TGGTGAAACC CTGTCTCTAC 

< 2 ) INFORMATION FOR SEQ ID NO* 

( A ) LENGTH: 20 base pairs 
( B ) TYPE: oneiric acid 

(D)TOPOLOQY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO* 

TCTATGCCTT CAOGGATCTC 

( 2 ) INFORMATION FOR SEQ ID NO-.W: 

( i ) SEQUENCE CHARACTERISTICS: 
( A } LENGTH: 20 base pairs 
( B ) TYPE: nucleic add 
{ C ) STRANDEDNESS: single 
(D)TOPOLOGY: linear 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NCr.10: 

ACTTGTGAAG TCCCTGTGTC 
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-continued 



( D ) TOPOLOGY: lineal 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

2 ) INFORMATION FOR SBQ ID NO:12: 



( x i ) 

CTCGAGTC GACATCGATT TTTTTTTTTT TTTTT 

) INFORMATION FOR SEQ ID NO:13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pain 
( B )TYPE:«idcic»d 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: linear 

< i i ) SEQUENCE DESCRIPTION: SEQ ID NO:L3: 

;CAGCCCCA TAGAGOACAA CAC 



2 ) INFORMATION FOR SEQ ID NO: W: 



(C )l 
(D ) TOPOLOGY: Baear 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

ACTAOTCGA CTGCAGOGGO GGGGGQGG 1 



( 2 ) INFORMATION FOR SEQ ID NO: 13: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 24 but pain 
( B )TYP£:mdek«cid 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:15: 



( 2 ) INFORMATION FOR SEQ ID NO:16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pairs 
(B ) TYPE: Ducbic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

CTOGAGTAAG AACACTACTT TAAACCGTCC 



. . the normal haploid genome of the 

^-Pl ^rl™™,, MAC-8 2 3 and a unique cloning " "i The MAC of claim 2. wherein said unique cloning site 
si^whS^ cQ^esapordonofanucleicaddenco^gaCn-Sgene. 
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5. The MAC of claim 2, wherein said unique cloning site 13. The method of stably expressing a selectable marker 
comprises a portion of a nucleic acid sequence encoding a in a mammalian cell, comprising introducing MAC 8.23 
human CH-3 gene selected from the group consisting of Seq containing said selectable marker into said cell and stably 
ID No. 3. Seq. ID No. 4., Seq. ID No. 5, Seq. ID No. 6, Seq. expressing said selectable marker in said cell 

ID No. 7, and a portion of Seq ID No. 1 5 method of cMm u said sdectable 

6. The MAC of claim 3, wherein said selectable marker is , . , . ... „ 

. . . . marker is an exogenous nucleic acid sequence, 

an exogenous nucleic acid sequence. & ' 

7. An isolated mammalian cell containing the MAC of 15. The method of claim 13, wherein said mammalian cell 
claim 2. contains a mutation and said selectable marker complements 

8. The mammalian cell of claim 7, wherein said cell is a 10 said mutation. 

human cell. 16 The method of claim 13. wherein said introducing 

9. An isolated niammalian cell containing the MAC of comprises fu sill g a host donor cell containing said MAC 
claim «, wherein said cell stably expresses said exogenous ^ ^ a ^ fcereby vmdadag a hyhrid ^ 

D "SfSiSS £ceUofdaim31,whereinsaidcellis U co^uUM^^rt***^**** 

a human cell, is stably expressed m said hybnd cell. 

11. A method of preparing a MAC from MAC 8.2.3. 17. The method of producing an exogenous mammalian 
comprising the steps of: gene product in a mammalian cell, comprising the steps of: 

(a) fragmenting MAC 8.23, and ^ (a) introducing MAC 8.23 containing an exogenous 

(b) selecting a centromeric fragment of said MAC 8.2.3, nucleic acid sequence encoding the mammalian gene 
wherein said centromeric fragment contains less than product into said mammalian cell, and 

about 0.1% of the DNApresent in a normal haploid cell 

from which said MAC 8.23 was obtained. 0>) expressing said mammahan gene product in said 

12. The method of claim 11. further comprising the step 
of first inserting an exogenous nucleic acid sequence encod- 
ing a selectable marker into said MAC 8.23. 



